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Abstract (cont.) 

a Although there is some variability in the results across states due to 
<&differences in reporting thresholds, variable differences, missing data rates, police 
If-reporting errors, etc., .- \ the reasonable consistency of the results between states 
;vsuggests a reasonable adequacy of state accident data in addressing a question such 

Ii‘ 
as posed herein. In point of fact, alternative data is not yet available. 
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TECHNICAL SUMMARY 

Federal Motor Vehicle Safety Standard 208: Occupant Crash Protection 

(effective January 1, 1968) required the lnstallatlon of lap and shoulder seat 

belt assemblies at the front outboard seating posltlons in all cars (except 

convertibles) and lap belt assemblies at all other designated seating posltlons. 

However, despite the proven effectiveness of safety belts In reducing the level 

of Injury of persons involved in automobile crashes, the overwhelming maJority 

of Americans have continued to choose not to buckle up. Clearly, the 

life-saving potential of FMVSS 208 has not been realized. 

Considering alternative strategies, NHTSA has InTtlated rulemaklng to 

require automatic occupant crash protection to be built into new cars, since 

passage of mandatory belt usage laws In the United States has not appeared 

likely. Among the w?de array of passive occupant systems (transparent shields, 

nets, cushions, arms and barrier, seat belts, integrated seat designs, blankets) 

developed In the early 1970's, the air bag system as well as the automatic seat 

belt system have emerged as the most likely automatic restraint systems to 

satisfy the currently amended FMVSS 208. 

Both systems have been extensively tested in laboratory crash situations 

but field evaluations have been rather llmlted -- in the dir bag case by 

relatively few air bag cars in operation. The primary obJectlve of this 

research 1s to assess the (A+K)-injury reducing effectiveness of the VW Rabbit 

automatic shoulder belt/knee bolster system using statewlde police-reported 

accident data. The analyses are aimed at answering questions about 

(1) Injury rate differences (Manual vs. Automatic) 

(11) Restraint usage rate differences 

(111) Performance differences between systems (when used) 

(IV) The proportion of injury rate reduction attributable to 
restraint usage rate differences 

(v) Adequacy of state accident data to carry out such investlgatlons. 

The study data consists of VW RabbTt accident data (N=10,336) for the 

period 1975-1979 from New York, North Carolina, Maryland, Colorado, Alabama and 

South Carolina. These states were selected since their computerlzcd accident 

data flies contained the VehJcle Identification Number (VIN) which 1s necessary 

to Identify not only make and model of vehicle (l.e., VW Rabbit) but also 
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available restraint system (i.e., manual vs. automatic). Due to data 

IlmitatTons (quantity and quality), the primary analyses are based on data from 

New York, North Carolina, Maryland and Colorado. 

No attempt has been made to combJne data across states due to slightly 

different definitions of variables (e.g., definition of A-injury), dlfterlng 

reporting thresholds among the states, and occasionally differing distributions 

of the data among the states (e.g., the "drivable" variable). However, by using 

the (A+K) injury criterion, there are reasonable sample sizes within each of the 

states (ranging from 1924 occupants in Colorado to 5046 in New York) with the 

police determlnatlon of A or K injuries appearing to be quote relTable. 

The analysis procedures were essentially the same for each state. First, 

since belt usage is such an important variable and it was mTsslng in from 10 to 

15 percent of the cases for the four primary states, an analysis was carried out 

to see if these missing belt usage cases occur essentially at random; I.e., that 

they do not introduce any serious biases in the data. 

Secondly, in all accident data analyses there are certain variables that 

interact with the variables of interest -- here, restraint type and serious 

Injury. To the extent allowable by the data, the effect of these confounding 

variables identified by variable screening procedures was removed by smoothing 

the data using cat&gorical data models (i.e., welghted least squares procedures 

via the GENCAT computer program). 

Finally, there is not only interest in the overall (A+K)-injury reduction 

but also the effect of various components such as usage rate differences and 

restraint system differences. It can be demonstrated that, after properly 

controll?ng for the most relevant confounding factors, the overall InJury rate 

reduction can algebraically be decomposed into three components. The first 

component is attributable to restraint usage rate differences, the second 

component attributable to system differences, and the third component to sample 

variation (or residual). Estimates of these effects were then derived for New 

York, North Carolina, Maryland and Colorado using the GENCAT program. 

Although the unknown belt usage rates are 15.5 percent, 9.5 percent, 13.0 

percent and 10.5 percent for New York, North Carolina, Maryland and Colorado, 

respectively, analysis of these cases Indicated no systematic biases that would 

invalidate the results. Indeed, the unknown belt cases appear to arise 

essentially randomly in each of the states with respect to the other variables 

of interest. 
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In each of the states, among the most Important confounding varlnblc~ to 

control for were restraint usage and number of vehicles involved (single vs. 

multi). This consistency increased the confidence in the screening procedure 

utillzcd. 

Restraint usage rates by system type and state are presented ln Table T.1. 

Although the usaye rates differ considerably among the states, the ratio of the 

Table T.l 

Restraint usage rates by system type and state 

Restraint Usage Rate 

Manual (s.e.) Automatic (s.e.) Ratio 

RM RA RM/RA 

28.96 (1.67) 57.25 (1.84) 0.506 
16.63 (1.10) 43.08 (2.66) 0.386 
41.60 (1.20) 73.70 (1.83) 0.564 
29.37 (2.25) 46.13 (3.97) 0.637 

rates between belt systems (.506, -386, .564, .637 for NY, NC, MD, CO, 

respectively) remains reasonably constant with, as expected, a considerable 

increase in usage with the automatic restraint systems. 

Overall (A+K)-injury rates by system type and state are given ln Table T.2 

along with (A+K)-injury rate reduction effectiveness estimates. Again, the 

Table T.2 

Overall (A+K) injury rates and effectiveness 
estimates by system type and state 

Overall (A+K) Injury Rate Effectiveness (%) 

Manual (s.e.) Automatic (s.e.) Ratio 'M-IA 
State IM IA 'M/IA 

~ x 100 (s.e.) 
IM 

NY 6.33 (0.41) 5.24 (0.72) 1.2 17.27 (12.30) 
NC 5.21 (0.65) 3.83 (1.05) 1.4 26.38 (22.06) 
MD 2.95 (0.41) 1.84 (0.56) 1.6 37.61 (20.79) 
co 5.07 (0.98) 4.12 (1.17) 1.2 18.78 (27.03) 

c 
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serious Injury rates differ among states due to a cornbinatlon of the f,jctol h -- 

crash severity differences, reporting threshold differences, reporting et.1 ors, 

and definitional differences in A-injuries. Nonetheless, the ratlo (Ifl/rA) 

is quite constant across states (1.2, 1.4, 1.6, 1.2, respectively). 

Table T.3 provides the estimates (s.e.) of the various components of the 

serious injury rate reduction; i.e., the components due to restraint usage rate 

differences, system differences, and sample variation (or residual). To the 

extent that the serious injury rates are significantly reduced (depending upon 

the cr-level selected) for the automatic Rabbit, the consistent and significant 

component leading to this reduction is the increased belt usage level for the 

automatic Rabbit. It would seem that the two systems, when used, are equally 

effective in reducing serious injuries. It 1s also apparent from the estimates 

of sample variation that the most important factors have been accounted for in 

this analysis. 

Not unexpectedly, there are a variety of pros and cons in using state 

accident data to address questions such as the serious injury reduction of 

automatic belt systems in VW Rabbits. In spite of many limitations and 

qualifications, it currently represents the only possible accident data base 

with which to even begin to answer the question. As is seen in the analysis, 

there are many reasons for not combining such data across states. Nevertheless, 

the analysis within multiple states with reasonable data quality does allow for 

an examination of the consistency of results between states and Increases the 

confidence placed in the results of the analysis. Because of a variety of 

differences between states (e.g., reporting thresholds, variable deflnltions, 

nature of computerized files, missing data rates, police reporting errors), it 

is to be expected that there will be variability in the estimates derived. The 

extent and acceptability of this variation for the particular analysis being 

carried out should then define the answer to the question of the usefulness of 

state accident data in addressing the question. For the present study, after 

careful consideration of these factors It 1s felt that the analyses of New York, 

North Carolina, Maryland and Colorado data provide most useful and otherwise 

unavailable input into answering the questions posed. 

In summary, from this real-world accident data from New York, North 

Carolina, Maryland and Colorado, occupants in automatic belt Rabbits experienced 

some 20 to 30 percent fewer (AtK) injuries than their counterparts in Rabbits 

with conventional 3-point belt systems. The overriding factor for this 

reduction was an increase (at least two-fold) in the belt usage rates 111 the 

automatic belt Rabbits. 
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Table T.3 

Estimates of the components of the overall serious incur-y rate t-eductlon 

Percentage Relative 

Estimate (s.e.) 
to Overall (A+K)- 

95% Confidence InJury for Manual 
Interval Rabbit (s.e.) 

Overal 1 (A+K)- Injury Rate Reduction (IM-IA) 

NY 1.09% (0.81%) (-0.50X, 2.68%) 17.27% (12.30%) 

NC 1.38% (1.23%) (-l-17%, 3.63%) 26.38% (22.06%) 

MD 1.11% (0.69%) (-0.24%, 2.46%) 37.61% (20.79%) 

co 0.95% (1.47%) (-0.97%, 2.87%) 18.78% (27.03%) 

Component Attributed to Restraint Usage Rate Differences 

NY 1.22% (0.23%)* (0.77%, 1.67%) 

NC 0.85% (0.45%)** (-0.02%, 1.72%) 

MD 0.46% (0.26%)** (-0.05%, 0.97%) 

co 0.70% (0.36X)** (-O.Ol%, 1.41%) 

Component Attributed to System Differences 

NY -0.22% (0.56%) (-1.32%, 0.88%) 

NC -0.35% (0.87%) (-2.07%, 1.36%) 

MD 0.74% (0.55%) (-0.34%, 1.82%) 

co -0.57% (0.84%) (-2.20%, 1 06%) 

19.27% (3.34%)* 

16.33% (8.40%)** 

15.55% (8.66%)** 

13.87$ (7.81X)** 

-3.48% (8.85%) 

-6.81% (17.12%) 

25.21% (17.61%) 

-11.31% (16.79%) 

Component Attributed to Sample Variation (ResTdual] 

NY 0.09% (0.58%) (-1.05%, 1.23%) 1.48% (7.92%) 

NC 0.88% (0.90%) (-0.8956, 2.64%) 16.87% (16.62%) 

MD -0.09% (0.44%) (-0.96%, 0.77%) -3.15% (14.88%) 

co 0.82% (1.30%) (-1.73%, 2.65%) 16.22% (23.63%) 

*Signlflcant at a= 0.05 
**Significant at a = 0.10 
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CHAPTER 1. INTRODUCTION 

Background 

In 1966 Congress enacted the National Traffic and Motor Vehicle Safety Act, 

glvlng the Secretary of Transportation the authority to issue federal motor 

vehjcle safety standards (FMVSS'S) directed at reducing motor vehicle accidents 

and the deaths and lnjurles resuitlqg from them. The legislation was part of an 

"aggressive highway safety program“ that also included the creation of the 

current National Hlghway Traffic Safety Administration (NHTSA). NHTSA was 

delegated the responslbillty of designing, implementing and evaluating the 

safety standards. In the past 15 years over 50 safety standards have been 

promulgated following federal rulemaking procedures. 

One of the earliest standards Issued was FMVSS 208 - Occupant Crash 

Protect?on. This standard has required the Tnstallation of lap and shoulder 

seat belt assemblies at the front outboard seating positions in all cars (except 

convertibles) and lap belt assemblies at all other designated seating positions. 

The standard became effective January 1, 1968. 

FMVSS 208 has differed from most other standards in that its effectiveness 

has depended on the willingness of the occupant to utilize the available safety 

equipment. Despite the proven effectiveness of safety belts in reducing the 

level of injury of persons involved in automobile crashes, the overwhelming 

majority of Americans have continued to choose not to buckle up. The most 

recent estimates by NHTSA have placed seat belt usage for drivers in the general 

population at 11 percent, and the figure for other occupants in the car is even 

lower. Clearly, the life-saving benefits of FMVSS 208 have not been realized. 

One "solution" to this problem which was applied to 1974 model vehicles was 

to requlrc an ignition interlock system, with the car wired so that it would not 

start unless the seat belt had been buckled. This drew such strong adverse 

reaction from the public that the requirement was quickly rescinded by Congress. 

Another- alternative which has been adopted in at least 23 foreign countries with 

considerably more success 1s mandatory belt usage Jaws. In countries that have 

passed such laws and have also instigated some visible program of enforcement, 

results have been most encouraging. In Australia, for example, belt usage has 

been observed at 80-90 percent (McDermott and Hough, 1979). In addition, public 

reactlon to mandatory belt usage laws in these countries has generally been 

favcrable. 
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Given the current political environment in the United States It is doubtful 

that, with the exception of child restraint legislation, widespread mandatory 

belt usage laws will be enacted. Realizing this the NHTSA as early as 1969 

initiated rulemaking to require automatic occupant crash protection to be built 

into new cars. Such automatic or passive restraints would not require any 

action on the part of the motor vehicle occupant to be effective. 

In response to this policy the early 1970's witnessed the development of a 

wide array of passive occupant restraint systems in the form of transparent 

shields, nets, cushions, arms and barriers, seat belts, integrated seat designs, 

and blankets. Many of these are described in a report to NHTSA by Beta 

Industries, Inc. (Phillips, 1973). In the study, patent, literature and 

manufacturer surveys were conducted to gather information on passive restraint 

systems "other than inflatables." Approximately 40 different systems are 

described, including 

- a net device stored in the roof of the car and extracted into 
position around the passenger compartment by spring loaded 
actuators; 

- an inverted U-shaped safety shield made of a flexible transparent 
material detachably secured to the seat belt and anchored at the 
ceiling and at the floor attachment points to the seat belts; 

- a cushioned panel deployed from the dashboard that swings into 
position in front of the torso; 

- a "floating arm" that consists of a cushioned pad resting in the 
chest area, held there by light pressure and pivoted from the 
floor; 

- inflatable flexible arms that are able to grasp the occupant over 
the shoulders and around the waist; 

- the Firestone Safety Blanket, automatically pulled up against the 
chest in the event of a crash; 

- the Kinematic Safety Seat system, which upon impact automatically 
tilts the seat bench and back so that the spine is in a reclined 
position; and 

- a variety of passive belt systems patented in the U.S., Sweden, 
West Germany, Japan and Italy, including several inflatable belt 
systems. 

From this early barrage of passive restraint innovations, two primary 

systems have emerged as practical and effective alternatives to manual or 
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active seat belts. These are the General Motor's air bag and Volkswagen's 

automatic belt system. Both have been extensively tested In laboratotiy crash 

situations, and have also been sold to the public in sufficient numbers to 

permit limited field evaluation. The GM dir bag was first rnade avdilablc on 

1000 1973 model Chevrolets and then also on certain luxury model cars during 

1974-76, with the result that today there are an estimated 10,000 GM ait- bag 

vehicles on the road. Air bags have also been available on some Volvos and solne 

831 1971 model Ford Mercurys. Volkswagen Rabbits equipped with automatic belt 

systems were first introduced in 1975, and current U.S. sales total 

approximately 300,000. A similar sort of automatic belt system has also been 

available on certain GM Chevettes since the 1978 model. 

As currently amended, FMVSS 208 requires that automatic or passive 

restraints be available on all luxury, medium and standard-sired cars 

(wheelbases greater than 114 inches) manufactured after September 1, 1981; all 

Intermediate and compact cars (wheelbases greater than 100 inches) manufactured 

after September 1, 1982; and all subcompacts after September 1, 1983. Since the 

standard js, by law, performance oriented rather than design oriented, car 

manufacturers have the option of choosing the particular system they will 

install to meet the federal requirements. Because of design problems and 

production costs, most of the auto manufacturers appear to be opting for a 

passive belt system. 

Objective of This Study 

The Volkswagen automatic restraint system consists of a tot so belt with 

dual sensitivity automatic locking retractor, a knee bolster, and the seat and 

seat belt anchorage on the seat frame (see Figure 1.1). The torso belt IS 

attached at its upper end to a release latch mounted on the door and IS designed 

so that as the door IS opened the belt swings out of the way to allow seating. 

The knee bolster IS designed to absorb energy transmltted through the knees and 

is intended to replace the conventional lap belt. An electric switch installed 

In the belt buckle prevents the engine from starting if the driver 15 

unbuckled. 

To date most of the testing of the VW Rabb?t automatic restraint system has 

been carried out in the laboratory under simulated crash conditions, although 

some limited field evaluations have been conducted by NHJSA and Volkswagen of 

America. The primary objective of this research is to assess the inJury 
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reducing effectiveness of the VW Rabb?t automatic shoulder belt/knee bolstet 

system us?ng police reported acc?dent data from six states - New Yolk, North 

Carolina, Maryland, Colorado, Alabama and South Carolina. Spec?f?cally, 

acc?dent data from these states are analyzed to compare the ?nJury exptt*lenctic, 

of front seat, outboard occupants of VW Rabb?ts equipped with automatli. 

restraint systems with those equipped with manual (active) lap and shoulder belt 

systems. The analyses are a?med at answering the following questions: 

(i) Do occupants of VW Rabbits w?th automatic restraint systems 
experience significantly lower injury rates than the occupants 
of VW Rabbits w?th manual restraint systems under s?m?lar crash 
conditions? 

(11) Do occupants of VW Rabb?ts w?th automat?c restra?nt systems 
have significantly higher restraint usage rates than occupants 
of VW Rabbits with manual restraint systems? 

(i??) When both types of restraint systems are ?n effect, do the 
automatic restraint systems perform better or worse or about 
the same as the manual restra?nt systems? 

(iv) If the answers to questions (1) and (ii) are both ?n the 
afflrmat?ve, then how much of the reduct?on In the ?njury rate 
for occupants of VW Rabb?ts with automat?c restraint systems 
is attributable to the corresponding increase in their 
restraint usage rate? 

(v) To what extent IS state accident data adequate for addressing 
questions such as these? 

Review of the Literature 

Restraint Usage Studies 

As noted earlier, the primary reason for amend?ng FMVSS 208 to require the 

?nstallat?on of automatic (or pass?ve) restra?nts ?n new automobiles IS the low 

use level associated with the manual systems. An automatic restra?nt system by 

defln?t?on requires no act?on on the part of the vehicle operator to be 

effect?ve. However, espec?ally in the case of automatic belts, there does exist 

the posslbil?ty for defeating the system, or altering it so that the vchlr le can 

be operated w?thout the safety belt ?n use. Real world usage rates must 

therefore be considered ?n an evaluation of the potential effectiveness of an 

automatic belt system. 

The most current ?nformation ?n this area comes from a recent survey of 

1978 VW Rabbit owners and 1978-79 Chevette owners conducted by the Op?rl?on 
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Research Corporation (Phillips and Goodman, 1980). Owners were contacted by 

telephone and asked to respond to a set-ies of questions about belt usage, 

comfort, convenience and reliability, and about approaches used by the salesman 

at the time of purchase. A total of 2,431 interviews were completed, 

distributed as follows: 
. 

VW Rabbit with automatic restraint system 1,010 
VW Rabbit with manual restraint system 203 

GM Chevette with automatic restraint system 1,002 
GM Chevette with manual restraint system 216 

Total 2,431 

Eighty-none percent of the owners of the VW Rabbits with automatic 

restraint systems reported that they wore their belt "always" or "almost 

always," compared with 46 percent of the owners of manual belt equipped Rabbits. 

For the Chevettes the corresponding figures were 72 percent for the automat~r 

Chevettes and 34 percent for the manual Chevettes. These reported usage rates 

are noted to be at least 10 percent higher than actual observed usage rates 

based on data from Opinion Research Corporation (ORC) belt usage surveys 

conducted In 19 cities across the U.S. (see Table 1.1). 

Table 1.1 

Reported and Observed Belt Usage 
by Owners of VW Rabbits and GM Chevettes 

I Reported Usage Observed Usage 

Automatic Rabbit Owners 
Manual Rabbit Owners 

Automatic Chevette Owners 
Manual Chevette Owners 

89% 
46% 

72% 
34% 

81% 
36% 

no data 
11% 

Source: Phillips and Goodman (1980) 

Generally owners of the Chevettes viewed their automatic restrajqt systems 

less favorably and were more critical on points related to the comfort and 

convenience of the system. However, they were apparently no more likely to have 

defeated their system. The starter interlock was reported St111 opetatlve 117 89 
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percent of the Chevettes after an average ownershlp of nine months, and 88 

percent of the VW Rabbits after an average ownershlp of 12 months. 

Given a longer period of ownership, one could expect this defeat rate to 

increase due to, among other thongs, increased transferal of ownership. NHTCA 

estimates that the disconnect rate of VW Rabbits will range from 20-40 percent 

(NHTSA, 1980). A 30 percent defeat rate was observed for 1975-78 automatic 

belt-equipped Rabbits (NHTSA, 1978). 

Compared with observed belt usage In the general population of automobile 

drivers, usage in even the manual belt-equipped VW Rabbits IS h‘rgh. As referred 

to earlier, NHTSA's most recent figures for belt usage in the general population 

are 11 percent for drivers (the same as observed for drivers of manual Chevettes 

in the 19 city ORC survey) and seven percent for other occupants of the vehicle. 

Usage 1s consistently higher In the smaller foreign make cars. In a 1977-78 ORC 

survey where the overall observed usage was 16 percent, U.S. car usage was 14 

percent and foreign car usage was 23 percent. Also, It is known that usage In 

the general population, the "population at risk," IS higher than In the 

population of accident-involved drovers. For example, only eight percent of the 

drivers In accidents sampled for the NatIonal Crash Severity Study were wearing 

their belts (NHTSA, 1979). 

On the basis of these data Tt is clear that automatic belt systems go a 

long way toward resolving the problem of nonuse of avaIlable safety restraints. 

The question which remains to be answered IS how effective these passive belt 

systems are when compared to other restraJnt systems In general and manual lap 

and shoulder belt systems in particular. Research In this area 2s briefly 

revlewed in the foilowIng sectlon. 

Restraint Efectiveness Studies 

Four major approaches have been taken to estimating the effectiveness of 

passive restraint systems. These are sumnarlzed and crlt?qued In a teport to 

the General Accounting Office by Grlffln (1979). Bt-lefly, these four approaches 

are: 

(I) Laboratory assessments (artificial studies) 
(11) Subjective assessments (engineering judgments) 

(111) Systems models (flow charts, statIstica equatjons) 
(iv) Real-world accident experience (naturallstlc studies) 
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Grlffln argues that while all four types of evaluation can be useful tools to 

the highway safety researcher, only the last const?tutes a reliable and valid 

means of determining a countermeasure's worth. 

As noted earl?er most of the evaluations that have been cart-led out on the 

VW Rabbit automatic belt/knee bolster system have been in a laboratory scttlng. 

The system was extensively tested at the University of Heidelberg and In VW's 

own labs before being marketed to the public. Seiffert, Oehm and Paltula (1974) 

concluded on the basis of their simulated lab tests of frontal, lateral and 

rollover crash types that the VW automatic restraint "performs as well or better 

than the three-point belt." And in evaluating the results of a limited number 

of frontal crash tests using cadavers, Schimkat, Weissner and Schmidt (1974) 

arrived at a similar conclusion, stating that the two types of restraint systems 

offer equal occupant protection. 

Further lab testing of the VW Rabbit automatic belt system was carried out 

as part of NHTSA's compliance testing for FMVSS 208. In the initial ,-ound of 

testing involving eight frontal impacts, there were some problems with the 

restraint on the driver sTde of the vehicle. Later testing by NHTSA in 1976-77 

showed the VW automatic belt/knee bolster system to be in full compliance with 

federal requirements for frontal crash protection. 

The "subjective assessment" approach was used by Huelke, Sherman, Murphy, 

Kaplan and Flora (1979) to evaluate the potential effectiveness of a variety of 

restraint systems. NASS-type data collected at the scene of 80 fatal crashes 

occurring In Washtenaw County, Michigan, during 1973-77 were examined by the 

authors. Three of the authors, Sherman, Murphy and Kaplan, independently 

estimated the injury-reducing effect that lap belts, lap and shoulder belts, air 

bags with and wlthout lap belts, and passive belts would have had had they been 

used by the accident victim. The following average effectiveness figures were 

given for reducing the likelihood of death and the level of injury ftom serluus, 

or fatal (AIS 23) to moderate, minor or uninjured (AIS 52): 

Restraint System 

Lap belt 
Lap and shoulder belt 
Air bag only 
Air bag with lap belt 
Automatic belt 

% Fewer % Fewer 
Fatalities Serious Injuries 

12% 39% 
32% 64% 
25% 58% 
34% 68% 
28% 58% 

. 
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Compared with NHTSA's effectiveness estimates, which have gene? ~flly been 

based on mass accident data analysis, the estimates cited here for fatality 

reduction are considerably lower, while those for serious injury reduction are 

higher. For example, analysis of the RSEP (Restraint Systems Evaluation 

Program) data indicated that in accidents in which at least one vehicle hdd t? 

be towed from the scene, lap/shoulder belts were 57 percent effective in 

reducing serious (AIS >2) injuries (Reinfurt, Silva and Sella, 1976). One - 
explanation offered by Huelke et al. is the relatively rural, high speed setting 

for most of the accidents they examined, resulting in a sample of accidents t+at 

was less "survivable" than what would be expected for mass accident data. 

Nevertheless, It 1s interesting to note that the automatic belt systen was 

judged to perform slightly better than air bags alone but not quite as well as 

the conventional lap and shoulder belt systems. This might be expected since 

air bags are designed to offer protection in frontal collisions only. 

Most of the studies of automatic belt effectiveness that have been 

conducted using real world accident data have been limIted to fatal accidert 

cases reported through the national Fatal Accident Reporting System (FARS). The 

FARS data has been actively monitored by NHTSA for the purpose of evaluating the 

field safety performance of VW Rabbits since the fall of 1977. 

In an analysis of FARS data collected through September 1978, NHTSA teports 

that the fatality rate per 1000 car years is 0.137 for automatic (or passive) 

belt-equipped VW Rabbits and 0.281 for manual (or active) belt-equipped Rabbits 

of the same model years. From this data, the fatality rate for automatic belt 

Rabbits is seen to be about half the rate for the manual belt Rabbits. Although 

increased usage is seen as the major factor affecting this reduction in 

fatalities, the effect of usage JXZJ se was not differentiated in the analysis. - 
In addition to NHTSA's analysis of the FARS data, Volkswagen has Initiated 

some field evaluations of its OWTI. For the past several years Volkswagen has 

received the cooperation of its U.S. dealers in notifying it of all crashes of 

automatic belt-equipped VW Rabbits involving at least $2,500 damage. These are 

then extensively Investigated by Volkswagen personnel. Rosenau and Wel'tey (1980) 

report on the 147 crashes investigated to date, 61 percent of these being frontal 

collisions (+ 45'), 20 percent lateral collisions, 11 percent rear end collisions - 
and 8 percent rollovers. There were no reported fatalities and the highest AIS 

recorded in the sample was AIS 4. The reported belt usage rate was quite high at 

95 percent. From their examination of this real-world data the authots I-onclude 

that the VW Rabbit automatic belt/knee bolster restraint system performs 
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according to original expectations, and that there is no need for mandating "any 

speclflc type of automatic occupant protection, such as air cushions." 

In their 1980 study, Rosenau and Welkey also review laboratory testing of 

the VW automatic and manual restraint systems. In full frontal crash tests, 

higher HIC (Head Injury Criteria) values, measuring head forces upon Impact , 

were recorded for the manually restrained occupants, while the passively 

restralned occupants experienced greater femur forces. Chest accelerations 

recorded under the two conditions were comparable. For the 30' frontal barrler 

crash tests, HIC values for the conventionally and passively restrained 

occupants were similar, but the passively restrained occupants experienced 

slightly higher chest accelerations and femur forces. They conclude once again 

that on the basis of these crash tests, the two systems, when used, are 

virtually equivalent in terms of occupant protection. 

There are obvious limitations in both the NHTSA and Volkswagen field 

evaluations of the VW Rabbit automatic restraint system. The FARS data used In 

the NHTSA analysis 1s restricted to fatal accidents, and the number of crashes 

Investigated by Volkswagen is still relatively small and there is no comparison 

evaluation of crashes involving manually restrained occupants. The current 

research attempts to overcome these limitations by utilizing mass accident data 

from six states for the five-year period 1975-1979. As noted earlier, the six 

states are New York, North Carolina, Maryland, Colorado, Alabama and South 

Carolina. These s?x states were selected because reporting officers In these 

states record the Vehicle Identification Number (VIN) of vehicles involved in 

crashes and this Information is in turn stored on the computerized dc‘cldent data 

files. VIN information is needed to identify vehicle make and model dnd, in the 

case of VW Rabbits, the type of available restraint system (automatic or 

manual). 

Chapter 2 gives a detailed description of the data bases utlllzed In the 

current analysis. Study methodology 7s outlined in Chapter 3 and the results 

presented in Chapter 4. A final chapter discusses the significance of toe stljdy 

findings and the appropriateness of using police-reported mass accident data to 

carry out such evaluations. 



CHAPTER 2. THt DATA 

Introduction 

The data used ln this study cohslsts of police-reported accident data ftom 

New York State, North Carolina, Maryland, Colorado, Alabama, and South Carollnd 

for the calendar years 1975-1979. For New York State, the data conststs 

primarily of Injury accidents since the police do not report on Property Damage 

Only (PDO) accidents. Although there is information on PDO crashes reported by 

the motorist, the data was not utilized since many of the variables of Interest 

(e.g., restraint usage, seating position) were either not required on the 

motorist report form or a substantial proportion were left blank. 

For the remaining states, the thresholds for police reporting are quite 

similar (i.e., injury and/or property damage of several hundred dollars) and 

thus the police reports represent the full range of accident severity. ( See 

Appendix A for copies of the accident report forms fot each of the statps.) 

A primary objective of this study is to determine whether occupants of VW 

Rabbits with automatic restraint systems experience slgnlficantly lower serious 

(A or K) injury rates than do the occupants of VW Rabbits with manual restraint 

systems under similar crash conditions. Secondary objectives are to determine 

whether there are signlflcant differences in restraint system usage rates 

(automatic vs. manual) and whether automatic restraint systems perform bettet ot 

worse or about the same as the manual restraint systems. Obviously to address 

these questions, it 1s necessary to separate out the Rabbit accidents in each Jf 

the state files and then to ascertaln which Rabbits had automatic restc aints and 

which ones had manual systems. 

Thus, with the help of the documentation provided by each of the states 

along with some consultation, each of the accident files was processed and an 

extract made of those accidents involving VW Rabbits. It should be noted that, 

although the automatic belts were avallable on the more "luxurious" Rabbits, the 

fact that both systems were available in the same make/model vehicle makes for d 

nearly ideal study design (i.e., vehicle and driver differences betwren the 

experimental group and the control group should be at a minimum). 

To identify Rabbit-involved accidents, it was necessary to have accident 

files with computerized Vehicle Identification Number (VIN) lnformatlon and 

hence the selection of New York State, North Carolina, Maryland, Coloiado, 
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Alabama, and South Carolina. Using the R. L. Polk VINA package (a VIN decodlr-tg 

program), the previously mentioned extract was created (see Table 2.1). 

Table 2.1 

VW Rabbit accidents by state [percent of total] 

I State 

New York 
North Carolina 
Maryland 
Colorado 
Alabama 
South Carolina 

Total I 

Number of 
Rabbit Accidents [%] 

3898 [32.5] 
1841 [15.4] 
2474 
2061 [17.2 3 

[20.7 

1175 [9.8] 
527 [4.4] 

11976 

The next step involved ldentlfying the restraint type for each of the 

Rabbits. This information is contained in the production number which 1s a 

series of digits at the end of the VIN sequence. Thus, to obtain the restraint 

type, the Rabbit VIN's were passed against a VW-supplied file which provided a 

listing of restraint type by production number. As anticipated cases were 

deleted due to invalid production numbers either provided by the invcstlgating 

officer or entered incorrectly from the report form onto the computer file. The 

resulting study file is shown in Table 2.2. -As can be seen, the autotnatic 

restraint system constitutes between 20 and 26 percent of the cases in each 

state and 1s reasonably constant from state to state as should be expected. 

Characteristics of the Study File 

Accident-Oriented Comparisons. For each state, an accident (or vehlc 

Rabbit) oriented file was created in order to examine differences be t ween 

restraint types with respect to model year, accident year, number of vehic 

involved (single vs. multi), impact area (of Rabbit), extent of damage, 

e= 

t3S 

drivability, and weight of the other vehicle (in multivehicle crashes). To the 

extent that the data is available and comparable across states, the resulting 

distributions are shown in Tables 2.3 - 2.6. 
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Table 2.2 

Frequency (percentage) of Rabbit restraint system type by statL 

Belt Type (%) 

Manual Automatic Total 

New York 2821 722 3543 
(79.6) (20.4) [34.3] 

North Carolina 1180 347 1527 
(77.3) (22.7) [14.8-j 

Maryland 1603 525 2128 
(75.3) (24.7) [20.6] 

Colorado 1434 491 1925 
(74.5) (25.5) [18.6] 

Alabama 768 203 971 
(79.1) (20.9) c9.41 

South Carolina 190 242 
(78.5) (215:) C2.31 

Total 7996 2340 10,336 
(77.4) (22.6) 

The relatively low percentage of 1979 model Rabbits III the accident flit- 

(see Table 2.3) should be expected since, for the most part, they could snly be 

involved In accidents during calendar year 1979 which represents at mo!,t only 

one-fifth of the accident period -- less than this for states with less than a 

full year of data for 1979. It 1s of interest that 1979 model automatic Rabbit<, 

are consistently underrepresented as compared to manual Rabhlts especially when 

compared to the reasonably slrnllar dlstrlbut~on for edch of the other model yeat 

vehicles. Note should be made, however, of the relatively small Wthltt-5tdte 

accident sample sizes for the 1979 model year Rabbit. 

The accident year distribution (see Table 2.4) appears reasonable (i.e., 

Increasing nLlmbers of Rabbits of both types as more and more model years come 

into existence). The only exception 1s calendar year 1979 which can be 

explained by less than a full year of accident data for some of the states. 

South Carolina deviates the most from the overall rates. The extent to whlc_h 

this 1s a function of small sample Size vs. the quality of the VIN data (1.e., 
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Table 2.3 

Rabbit model year dlstrlbutlon by Rabbit belt type by state. 

Model Year 
Belt 

State Type 1975 1976 1977 1978 1979 Tatal 

Manual 806 860 608 431 116 2821 
NY 6) (28.6) (30.5) (21.6) (15.3) (4.1) [79.6] 

Automatic 206 205 167 139 722 
(%) (28.5) (28.4) (23.1) (19.3) (0. :, [20.4] 

Manual 363 242 324 191 1180 
NC 6) (30.8) (20.5) (27.5) (16.2) (567) [77.3] 

Automatic 347 
(%) (28:;) (217:) (238:) (25::) (0.93) 122.71 

Manual 396 349 551 247 1603 
MD (%I (24.7) (21.8) (34.4) (15.4) (36:) [75.3] 

Automatic 133 155 118 114 525 
03 (25.3) (29.5) (22.5) (21.7) (1.;) [24.7] 

Manual 273 389 448 278 1434 
co (%I (19.0) (27.1) (31.2) (19.4) (311:) [74.5] 

Automatic (189:) 145 139 113 491 
(%) (29.5) (28.3) (23.0) (0.:) [25.5] 

Manual 268 116 210 108 732 
AL w (36.6) (15.9) (28.7) (14.8) (43:) 178.81 

Automatic 
(V (336:; (20::) (17343, (27::) (02) 

197 
[21.2] 

SC 
Manual 

W) (31::) (14:;) (27::) (214:) (4.;) 
190 

[78.5] 

Automatic 
(9 (17.:) (261:) (231:) (301:) (1.:) :715:, 

Total 2767 2620 2747 1820 340 10394 
w (26.9) (25.5) (26.7) (17.7) (3.3) 
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Table 2.4 

Accident year distribution by Rabbit belt type by state. 

Accident Year Total 
Belt 

State Type 1975 1976 1977 1978 1979 N [%I 

Manual X 4.9 12.5 21.4 29.1 32.1 3821 [79.6J 
NY 

Automatic Ix 4.2 13.0 22.3 30.3 30.2 722 [20.4] 

Manual % 3.2 11.0 20.5 31.2 34.1 1180 [77.3] 
NC 

Automatic X 4.0 12.5 17.3 31.8 34.4 347 [22.7] 

Manual X 2.5 5.4 29.1 40.6 22.4 1596 [75.3] 
MD 

Automatic % 4.4 9.9 23.3 39.6 22.8 523 [24.7] 

Manual % 1.3 10.4 21.3 30.8 36.3 1434 [74.5] 
co 

Automatic X 1.4 7.5 22.2 31.4 37.5 491 [25.5] 

Manual X 3.0 11.6 23.6 31 .a 29.9 732 [7a.a] 
AL 

Automatic X 2.5 9.1 25.4 28.9 34.0 197 [21.2] 

Manual X 5.3 11 .l 16.3 30.5 36.3 190 [78.5] 
SC 

Automatic X 7.7 1.9 5.8 36.5 48.1 52 121.51 

Total 349 1068 2326 3336 3206 10285 
X 3.4 10.4 22.6 32.4 31.2 



-16- 

54 percent of the Rabbit VIN's falled to provide information on the type of belt 

system) is not able to be determined. Nonetheless, It does suggest caution in 

utilizing and interpreting South Carolina Rabbit data. As will subsr~quently be 

seen, similar caveats will apply to the Alabama accident data. 

The distribution of number of vehicles involved (see Table 2.5) by belt 

type is reasonably consistent across states averaging approximately 12 percent 

in single vehicle crashes. This is likewise similar to data from North Carolina 

for 1975-1979 involving all passenger cars. 

Crash-involved Rabbits are drivable in roughly two-thirds of the cases (see 

Table 2.6). Although the between state variation 1s somewhat greater for this 

variable perhaps due to slightly differing deflnltions of "drivable", the within 

state distributions by belt type are very similar with, again, the exceptjon of 

South Carolina. 

With respect to some of the other vehicle-oriented variables such as impact 

area and extent of damage, to the extent that the vehicles were defined the same 

across states comparisons of automatic vs. manual Rabbits revealed similar 

impact areas (e.g., approximately 35 percent in the front and 25 percent on each 

side -- slightly higher on the left side) and damage extent (10 percent or SD 

with "severe" damage). 

In brief, with respect to accident and/or vehicle variables, the data from 

the six states is reasonably consistent with expectation and similar by belt 

type. 

Occupant (Driver) - Oriented Comparisons. Clearly to address the 

objectives of this study, it was necessary to create an occupant-oriented file. 

From this file information could be derived on, for example, injury by belt type 

by seating position. It should be noted, however, that for- Alabama and South 

Carolina the file contains driver information only since there is no information 

available for uninjured occupants. Thus, non-driver occupants from Alabama and 

South Carolina are excluded from the "occupant" (i.e., driver + right front seat 

passenger (when present)) tables. 

Of special interest are belt type (manual vs. automatic) distributions by 

restraint usage, injury severity, and age, sex and seating position of occupant. 

From the state data files for occupants in Rabbits where belt type is known, 

belt usage information is unavailable for 94 percent of the Alabama data (93 

percent manual vs. 96 percent automatic) and 93 percent of the South Carolina 

cases (92 percent manual vs. 93 percent automatic). As a result, there 1s very 

little belt usage information for these two states. However, for the remalhing 
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Table 2.5 

Distribution of number of vehicles involved by Rabbit 
belt type by state. 

State 

NY 

NC 

MD 

co 

Belt 
Type 

Manual X 

Automatic X 15.2 

Manual % 

Automatic % 

Manual X 

Automatic % 

Manual X 

Automatic Ix 

AL 
Manual % 

Automatic % 

Total 1263 9031 
X 12.3 87.7 

Number of Vehicles 
Involved 

Single Multi 

15.9 

13.0 

13.0 

8.8 

9.0 

10.3 

8.6 

9.7 

11.7 

84.1 

84.8 

87.0 

87.0 

91.2 

91.0 

89.7 

91.6 

90.3 

88.3 

84.7 

86.5 

Total 

N I33 

2821 [79.6] 

722 [20.4] 

1180 [77.3] 

347 [22.7] 

1603 [75.3] 

525 [24.7] 

1434 [74.5] 

491 [25.5] 

732 [78.8] 

197 [21.23 

190 [78.5] 

52 [21.5-j 

10294 
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Table 2.6 

Vehicle (Rabbit) drlvablllty by belt type by state. 

State 

NY 

NC 

MD 

co 

AL 

SC 

Belt 
We 

Manual % 

Automatic % 

Yes No 

72.0 28.0 

71.6 28.4 

Manual % 55 9 44.1 

Automatic % 59.2 40.8 

Manual % 71.2 28.8 

Automatic % 72.5 27.5 

Manual % 66.8 33.2 

Automatic % 67.7 32.3 

Manual % 67.4 32.6 

Automatic % 67.3 32.7 

Manual % 

Automatic % 

51.6 48.4 

65.4 34.6 

Total 6756 3179 
% 68.0 32.0 

Drivability Total 

N C%l 
2821 [79.6-j 

722 [20.4] 

1066 [77.7] 

306 [22.3] 

1578 [75.1-J 

523 [24.9] 

1309 [74.3] 

452 [25.7] 

720 [78.6] 

196 [21.4] 

190 [78.5] 

52 [21.5] 

9935 
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states, the rates of unknown belt usage range from under 10 percent for North 

Carolina to around 15 percent for New York State. It ~111 be seen In Chaptet 4 

that there are no serious biases created by the mTsslng belt usage 1nfor~ldt~on 

which would undermine any subsequent analyses. 

From Table 2.7 it would appear that usage of the automatic belt 1'1 crashes 

IS at least double that of the manual belt. Although the percentages differ 

considerably from state-to-state, the ratio of the rates is reasonably constant 

(1.97 for New York State; 2.61 for North Carolina; 1.78 for Maryland; and 1.84 

for Colorado). Since the VW Rabbit IS a foreign, subcompact, one would expect 

higher-than-average usage rates for the conventional (or manual) belts. On thp 

other hand, based on population-at-risk studies and the fact that there IS an 

lgnltion interlock accompanying the automatic belts, generally hlghet usage 

rates (exceeding 70 percent) would be anticipated. Misclassification etror5 by 

the investigating officer (generally indicating that the belt was not worn when 

indeed It had been for the automatic Rabbits) would account for these lower than 

expected usage rates for automatic belts. However, errors in the sarrje direction 

would be expected for the manual belts which does not appear to be the case. 

In addition, it would be anticipated that the belt usage rate for type 

would be fairly similar from state to state. Whether the differences are 

systematic reporting differences between states is not known. There is no 

independent source against which to compare the Investigator's designation. 

Until such is available, it IS probably safe to assume only that automatic belts 

were used at least twice as often as conventional belts in the set of accidents 

under study. The data from New York, North Carolina, Maryland and Colorado 

suggests a range in usage rates for manual belts of 25-30 percent and one of 

55-60 percent for automatic belts. 

Table 2.8 shows serious (A+K) injury rates by belt type and by state. 

Again, the ratio of serious injury rates (manual vs. automatic) are reasonably 

stable across states (1.28 for New York; 1.38 for North Carolina; 1.71 for 

Maryland; and 1.18 for Colorado) while the serious Injury rates wlthln belt type 

vary considerably across states (e.g., for manual belts from 2.9 pet-cent for 

Maryland to 8.5 percent for Colorado). This variation could be a function of: 

(1) differences in crash severity among states; (2) differences In reporting 

thresholds; (3) errors in reporting level of injury level; and (4) differences 

in the definition of serious (A+K) injury. 
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Table 2.7 

Occupant belt use by Rabb?t belt type by state 

Belt Use Total 
Belt 

State Type Yes No N [%I , 
Manual % 29 .o 71.0 3401 [79.8] 

NY 
Automatic % 57.2 42.8 860 [20.2] 

Manual % 16.3 83.7 1426 [77.1-j 
NC 

Automatic % 42.6 57.4 425 [22.9] 

Manual % 41.6 58.4 1696 [74.6] 
MD 

Automatic % 73.9 26.1 578 [25.4] 

Manual % 25.4 74.6 1394 [75.1] 
GO 

Automatic % 46.8 53.2 462 [24.9] 

Manual % 2.1 97.9 48 [85.7] 
AL* 

Automatic % 37.5 62.5 8 [14.3] 

Manual % 7.1 92.9 14 [82.4] 
sc* 

Automatic % 33.3 66.4 3 [17.6] 

Total 3600 6715 10315 
% 34.9 65.1 

*Based on drivers only 



-21- 

Table 2.8 

Occupant (A+K)-Injury dlstrlbutlon by Rabbit belt 

State 

NY 

NC 

MD 

co 

AL* 

SC* 

Belt 
Type 

Manual X 

Automatic % 

Manual % 

Automatic % 

Manual X 

Automatic % 

Manual % 

Automatic % 

Manual % 

Automatic % 

Manual X 

Automatic X 

Total 
X 

type by state. 

InJury Level 

A+K B+C+O 

6.0 94.0 

4.7 95.3 

4.7 95.3 

3.4 96.6 

2.9 97.1 

1.7 98.3 

8.5 91.5 

7.2 92.8 

7.2 92.8 

2.0 98.0 

4.7 95.3 

1.9 98.1 

672 12105 
5.3 94.7 

Total 

N C%l 

4015 [79.6-j 

1031 [20.4] 

1580 t77.2) 

467 [22.8] 

1949 [75.33 

640 [24.7] 

1449 [75.3] 

475 [24.7] 

732 [78.8] 

197 [21.2] 

190 [78.5] 

52 [21.5] 

12777 

*Based on delvers only. 
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Figure 2.1 

Trdnsldtion of New York State Injury Coding Scheme to K-A-B-C-O 

Victim's Type of Location Translation to 
InJury Status Complaint of Injury KABCO 

-- 
I. Apparent death (1) Any entry Any entry K 

II. Unconscious (2) Any entry Any entry A 
Semi-consc10us (3) 
Incoherent (6) 

III Shock (7) 
Normal (8) 

Pmputation, Concussion, Any entry A 
Internal, Severe 
bleeding, Severe 
burn, Fracture- 
d?slocation 

IV. Shock (7) 
Normal (8) 

Minor bleeding, Minor Eye A 
burn, Complaint of 
pain 

V. Shock (7) 
Normal (8) 

VI. Shock (7) 

Minor bleecllng, Minor All but eye B 
burn 

Contusions-bruise Any entry B 
Abrasion 

VII. Shock (7) 
Normal (8) 

Complaint of pain All but eye C 

'iII1. Shock (7) 
Normal (8) 

None visible Any entry 0 

.---s----w--- -----s----- 
IA. Not applicable (0) Vehicle parked II (No occupant) 

x . W (No vehicle) 

YI. Not applicable (0) For driver, If driver position=l, 
For right front occupant, if 0 

occupant positlon=3. 

XI 1. Not applicable (0) For drover, property damage='Yes'+ 
total Injured in accidnet='None'. 

For right front occupant, property 0 
damage='Yes' + occupant; total 
injured In accident='None' + 
no. of occupants in vehicle>l. 

XIII. Not dppl~cable (0) For driver, if total # of Injured 
In vehicle=0 & total # of 
killed In vehicle=O. 0 

For right front occupant, if total 
# of injured=O, & total # killed 
occupant=0 & total # of occupant 
>l. 

XIV. All other cases M (Missing) 
\ 

l 
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With respect to (l), all else being equal the more twdl the \tjte tht) 

greater the Serious Injury rate within belt type. Mdryland and co101 ado (Ath) 

rates are consistent with this hypothesis. New York State has a considerably 

higher police reporting threshold (2) than the other states, namely inJury- 

producing accidents. Again, all else being equal, their serious injury rates 

within belt type would be expected to be somewhat elevated. 

Reporting errors (3) are indeterminable from this data. Definitional 

differences (4) clearly exist. Fatal injuries are reasonably unambiguous. 

However, there are a variety of definitions for A-inJUrieS. For example, 

Maryland defines A-injury as "incapacitating", Alabama as "visible signs of 

injury, as bleeding wound or distorted member, or had to be carried from scene", 

and North Carolina as "injury obviously serious enough to prevent the per-son 

injured from performing his normal activities for at least one day beyond the 

day of the accident" while New York has no explicit definition of A-injuries. 

In order to derive a KABCO scale for New York State data and to capture 

information on non-injured occupants, the translation scheme detailed in Figure 

2.1 was used. New York accident data utilizes a three-dimensional injury code 

consisting of victim's injury status (e.g., semi-conscious), type of complaint 

(e.g., minor bleeding), and location of injury (e.g., chest). For injury status 

I - VIII, the translation scheme developed by New York was utilized; fol II~JUI~ 

status IX - XIV, the translation scheme was developed for this study and 

primarily separates out non-injured occupants. Thus, for New York, it would 

appear that there would be definitional differences as well as differences in 

reporting thresholds. 

Notwithstanding these differences,there is a reasonably similar and 

consistent reduction in the (A+K)-injury rates from state to state for the 

automatic Rabbits compared to the conventional Rabbits. 

With respect to occupant characteristics for the states where there is 

adequate data (NY, NC, MD and CO), there are only relatively minor differences 

both among states and between belt system types. The majority of occupants fall 

in the 21-35 year old age range (see Table 2.9) with the distributions by belt 

type (automatic vs. manual) perhaps surprisingly similar across states. 

The majority (approximately 55 percent) of the occupants in each state are 

male with no clear differences between belt types across states (see Table 

2.10). Either the occupancy rate is lower in Colorado or right front seat 

occupants are less likely to be reported on than in the other three states (see 

Table 2.11). Excepting Colorado, it would appear that there are dppt‘oxmately 
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State 

NY 

NC 

MD 

CO 

AL* 

SC* 

Table 2.9 

Occupant age by Rabbit belt type by state. 

Belt 
Type x21 21-35 36-55 56+ 

Manual X 19.1 48.9 

Automatic X 17.8 48.9 

Manual X 23.4 53.2 

Automatic X 28.0 43.5 

Manual X 22.3 52.1 

Automatic X 18.3 47.1 

Manual X 17.7 59.5 

Automatic X 15.8 58.0 

Manual X 22.0 59.7 

Automatic 95 38.4 30.8 

Manual X 

Automatic X 

27.8 

33.3 

33.3 

33.3 

24.2 7.8 

24.8 8.5 

17.7 5.7 

20.2 8.2 

18.9 6.7 

27.6 7.0 

18.1 4.7 

18.6 7.6 

11.0 7.3 

30.8 0.0 

33.3 5.6 

33.3 0.0 

Total 2128 5427 2270 735 
X 20.1 51.4 21.5 7.0 

Age 

N [%I 
3611 C80.01 

910 [20.0] 

1423 [77.OJ 

4.25 C23.0) 

1756 c74.71 

595 [25.3] 

1288 [74.7] 

436 c25.31 

82 [86.3-J 

13 [13.7] 

18 [85.7-J 

3 [14.3-J 

10560 

*Based on drivers only. 
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Table 2.10 

Occupant sex by Rabbit belt type by state 

1 -- 

Occupant* Sex Total 
Belt 

State Type Male Female N [%I 

Manual X 54.9 45.1 3664 [Srl.O] 
NY 

Automatic X 57.2 42.8 918 [20.0] 

Manual X 54.8 45.2 1416 [77.0] 
NC 

Automatic X 59.6 40.4 423 [33.0] 

Manual % 57.2 42.8 1768 [74.8] 
MD 

Automatic % 54.4 45.6 597 [25.1] 

Manual % 54.1 45.9 1302 [74.9] 
co 

Automatic % 52.2 47.8 437 [25.3] 

Manual X 58.6 41.4 732 [78.8] 
AL* 

Automatic X 57.9 42.1 197 [21 21 

Manual X 57.9 42.1 190 [78.5] 
SC" 

Automatic X 55.8 44.2 52 [21.5] 

Total 6514 5182 11696 
X 55.7 44.3 

*Based on drivers only. 
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Table 2.11 

Occupant seating position * by Rabbit belt type by state. 

Seating Position 
Total 

Belt Right Front 
State Type Driver Seat N [%I 

Manual X 76.9 23.1 3670 [80.0] 
NY 

Automatic % 78.6 21.4 918 [20.0] 

Manual % 74.7 25.3 1580 [77.2-j 
NC 

Automatic % 74.3 25.7 467 [2?.8] 

Manual % 81.5 18.5 1967 [75.2] 
MD 

Automatic % 81.0 19.0 648 [24.8] 

Manual X 92.3 7.7 1554 [74.9] 
co 

Automatic X 94.2 5.8 521 [25.1J 

Total 9123 2202 11325 
% 80.6 19.4 

*Seating position is not avallable for Alabama and South Cdrolinj. 
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1.3 occupants per crash (assuming that there always IS a driver) t-egatdle$q of 

the type of belt system. 

Although more will be said with respect to the study data in Chapter 5, 

this concludes the comparison and dlscusslon of certain key variables both 

across states and between belt systems wlthln states. Prior to presenting the 

results of the analyses in Chapter 4, a brief discussion of the methodological 

components will be given in Chapter 3. 



CHAPTER 3. STATISTICAL METHODOLOGY 

The purpose of this sectlon IS to discuss the methodology adopted In the 

analysis of the state data. The methodology essentially consists of tne follow- 

lng three steps: (1) select variables for control, (2) fit linear models to the 

data to obtain smoothed Injury rate estimates, and (3) based on these injury 

rate estimates, obtain estimates of the components of the Injury rate reduction 

that are attributable to restraint usage rate differences, to system differenceb, 

and to sample variation. These steps are explained in greater detail below. 

Variable Selection 

In order to compare the injury experiences of front seat, outboard 

occupants of automatic restraint system Volkswagen Rabbits to those in the 

manual restraint system Volkswagen Rabbits, it 1s necessary to do this on as 

similar a basis as possible. That IS, they should be compared under similar 

crash circumstances. This can reasonably be accomplished by controlling for 

those factors that indicate significant differences between the two types of 

Rabbits in the data sample. Normally the number of these confounding factors 

that one can actually control for is limited by the available sample size. 

Consequently, certain criteria are needed to determine which of these factors 

will be used as controls. The selection procedure is outlined below; for a mote 

extensive treatment of this procedure, see Chi (1980a). 

A. Listing of potential confounding factors 

A list of potential confounding factors 1s determined by the 
relevancy of these factors to the problem at hand, and by the 
availability of information on these variables. From thus list, 
a nunber of-factors are then selected by the following se1 
or screening procedure. 

B. Calculation of relevant statistics 

At each stage of the selection procedure, the follow 
statistics are calculated for each candldate variable V, 0 . .- - 

ection 

n!3 
r the 

joint distribution of V with variables already selected from 
preceding stages: 

1. T, = x2(V x RABBIT TYPE): The Pearson Chi-square 
statistic for measuring the association between V and 
RABBIT TYPE, the associated degrees of freedom, and 
the corresponding p-value. 

2. T2 = x*(V x INJURY): The Pearson Chi-square statlstrc 
for measuring the association between V and INJURY, thk> 
associated degrees of freedom, and the corresponding p-~/~lue. 



-3o- 

C. The screening criterion 

Both statistics T1 and T2 must be significant in order 
for a variable to be further considered since, if the assoc~atlo~~ 
between V and RABBIT TYPE as measured by T, is not significant, 
then its exclusion will not affect the effectiveness estimate 
regardless of the significance of the association between V and 
INJURY (i.e., Tz). On the other hand, if the association between 
V and INJURY is not significant, then the inclusion of V as a 
control will not contribute significantly to the reduction of 
variation in injury. 

0. The selection process 

Among the variables that meet the above screening criterion, 
select the one with the largest Tl/d.f. and T2/d.f. statistics. 
If other variables have Tl/d.f. and Tz/d.f. of about the same 
magnitude, then the one that IS the least ambiguously defined is 
preferred. The process is then repeated using the joint classi- 
fication of the first variable selected and each of the remaining 
candidate variables vs. RABBIT TYPE and INJURY, respectively. If 
sample size or Tl/d.f. and Tz/d.f. suggests that repetition of 
the preceding steps is not warranted, then additional variables 
with significant Tl/d.f. and T2ld.f. may be selected at this stage. 

Thus, a certain mount of subjectivity is involved in the 
selection process. The procedure repeats itself after each 
selection has been made and will be terminated if one of the 
following situations occurs. 

(i) No more relevant factors are available for consideration; 

(ii) The statistics T,/d.f. and/or T,/d.f. are not significant 
for any of the remaining variables; or 

(iii) Sample size limits the usefulness of further screening. 

Categorical Data Modeling 

Introduction 

In many analyses, the independent and dependent variables are categorical 

in nature. Grizzle, Starmer, and Koch (1969) proposed a general method (GSK) 

for analyzing such data by weighted least squares procedures. This method 

requires first the definition of a response function which is generally a 

function of proportions (probabilities) in a contingency table generated by the 

dependent variable(s) and a set of independent variables determined by the 

aforementioned selection scheme. The choice of a response function normally 

depends on substantive interests. 
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The response function once defined is treated as a dependent vatiable, and 

linear regression models are fitted by the method of weighted least squares, 

which properly accounts for the inherent variability in these quantities. 

If the final model proves adequate, one obtains the predicted values of the 

dependent variable and estimates of its variance-covariance matr?x. Based on 

these estimates, estimates for the values of other functions of the dependent 

variable(s) and their associated variance-tovariance matrix are derived. 

The GSK Method 

Assuming that the dependent variable (which may be multivarlate) and a set 

of independent variables (e.g., factors selected as controls) have been 

identified for a given problem, a basic contingency table, as shown 111 Table 3.1, 

is generated where the subpopulatlons are determined by the factor 

Table 3.1 

Theoretical (s x r) contingency table 

Response Category 
Row 

Subpopulation 1 2 . . . r Total 

1 n11 n12*-- nir “1 

2 n21 n22-*- n2r n2 
. . . . . 

. . . 

. . . 

S “Sl ns2’ * * "sr "s 

level combinations of the independent variables, and the response categories WP 

the levels of the dependent variable. For example, in Table 4.20 the 

subpopulations are determined by (NBVEH x RABBIT TYPE), and the response, 

categories are determined by (Restraint Usage x INJAK). 

Based on the assumption that the subpopulations are independent and can be 

characterized by multinomial distributions with probabilities plj represent- 

ing the probability of observing response j in subpopulation 1, then p,j can 

be estimated by 

“ij 
ii, = n , j=1,2,...,r-1 , i=1.2,...,s 

i 



-32- 

r-l ~ 
with p,, = 1 - 1 Pij* The corresponding variance-covariance matrix V 

j=l 

can be estimated by 

cov[~i jPik] =- 

Pa’ Pik 
lJn 

i 

j=1,2,...,r-1 

J+k 

Because the samples from different subpopulations are assumed to be lndep<ndent, 

the covariation across rows should be zero, i.e. 

covr~ijBkjl = 0 ifk 

The relationship between variation among the proportions can be 

investigated by fitting linear regression models to the vector P 
sx(K1)' 

This 

aspect of the methodology can be characterized by writing 

P =x & 
sx(Gl) Gt tx(r-1) 

where X is a design matrix of full rank t, and B is the tx(r-1) matrix of 
sxt 

parameters (or effects) to be estimated. The estimated 8 are determined by 

iI 
tx(r-1) 

= oyg-’ x’v-‘p _ " 

where X'is the matrix transpose of X and 6 mlnlmlzes the quadratlc 
tx(r-1) 

function 

The variance-covariance matrix of fi is consistently est?mated by 
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Justification for a linear t-egressIon model IS provided by the teql,lual bum 

of squares xi. If the model fits well, xi IS distributed approxlmatelj at \ 

with [s(r-l)-t(r-l)] = (s-t)(r-1) degrees of freedom. 

When an appropriate model has been determined, statistical tests of 

significance involving g may be performed by analogous standard multiple 

regression procedures. -Linear hypotheses are formulated as 

Ho = 
uFt txfr-l)= ux(!-1) 

where C is a known contrast matrix, 
uzt 

and tested using the statistic 

which is approximately distributed as x3 with u(r-1) degrees of freedom. 

Successive uses of the goodness of fit test and the significance tests 

speclfled by C represent ways of partitioning the model components into specific, 

sources of variation. In this context, the C matrix reflects the amount the 

residual sun of squares,xi , would increase If one reduced the model by 

substituting in the conditions described by Ho: C@ = Cy. This partitioning of 

total variance into specific sources represents a statIstically valid dn~lysis 

of variance for proportions. 

Finally, predicted values corresponding to any specific model cdtt be 

calculated from 

and corresponding variance estimates can be obtained from the diagonal elements 

of 

Predicted values for other functions of P and their associated variances ran 

also be obtained using appropriate functions of P and v. 

This type of linear model analysis can be undertaken by using d cmputet- 

program (GENCAT) written and used extensively in the Blostatlstics Department of 

the University of North Carolina in Chapel Hill. The program (GENf4T) was <Jsec 
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III this study. It should be noted that in cases where cell sizes rl 
1J 

- 0, 1t 

was necessary to replace them by 0.5 in order to prevent V from being ~lny~lat . 

For further details, see Freeman, Koch, Hunter and Lacey (1975), Appendices B 

and C. 

The Federa 1 Motor Vehlc 

IS based on the premise that 

occupant protection in terms 

le Safety Standard 208: Occupant Crash Prl)tection 

restraint systems when used offer significant 

of fatality and/or Injury reduction. Consequently, 

systems that have the potential of increasing the restraint usage rate will have 

the potential of reducing fatality and/or injury. Thus, in analyzing the 

effectiveness of the VW Rabbit automatic restraint system relative to the manual 

restraint system, it was deemed important to determine whether there was an 

increase in restraint usage rates for occupants of Rabbits with automatic 

restraint systems, whether there was a reduction in injury rates, and, when 

there was a reduction in the injury rates, how much of it was attributable ts 

the usage rate increase, how much of it was due to system differences, and how 

much of Jt was due to other factors (i.e., sample variation). 

It 1s the purpose of this section to demonstrate that, after properly 

controlling for the most relevant confounding factors, the overall serious 

injury rate reduction can be decomposed into three components. The First 

component is attributable to restraint usage rate differences, the second 

component to system differences, and the third component to sample variatlons.x 

More specifically, for a given factor level combination R defined by the 

factors under control, consider the following basic table cross-classifying 

RABBIT TYPE by RESTRAINT USAGE by INJURY. 

For simplicity of discussion, consider the following symbolic 

representations. The second equality in each line follows easily cro~rt Table 3 7. 

A Decompos ition of the Injury Rate Reduction 

*The phrase 'sample variation' refers to variation between the two types 
of VW Rabbits other than system differences and differences in system usage 
rates. In the ideal situation, 'sample variation' should be at a mlnirnum. In 
practice, this component is minimized as much as possible by controlling for 
significant confounding factors. 
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Table 3.2 

Distribution of sample by Rabbit type, re3tralnt uce, 
and injury level. 

Rabbit 
Type 

Restraint Not Used Restraint Used 

Uninjured Injured Un'lnjured InJ ured 

Manual %ll %2 %13 hi 

bll 
* 

%I2 %13 %4 

Automatic n 
R21 %22 

n 
1121 %24 

%21 %22 PR23 P 
1124 

RM 11 = Manual restraint usage rate = pR13 + pRLr, 

RA 9, = Automatic restraint usage rate = pRz3 + pRLL, 

IM II 
= Injury rate for occupants of VW's with manual restraints = p,,, + ppl'+ AL 

IA II = Injury rate for occupants of VW's with automatic restraints = pR22 + pe2!+ 

M b14 
IR,,! = Injury rate given that manual restraint was used = ----~ 

%13 + %4 

IA %4 
R,n. = Injury rate given that automatic restraint was used = 

pw + pwl 

M P L12 
%,a. = Injury rate given that manual restraint was ndt used = c-- 

Rll + %I L 

P 
= Injury rate glven that automatic restraint Wds not used = --9L- - 

PO, + P?,, 



-36- 

The overall difference in Injury rates between Manual and Automatic restraint 

systems 1s then given for each factor level comblnatlon R by (I! - I; ) Alch 

algobralcally can be shown to be equal to 

= (RM RA)(IM 11- R R,e-&) + R;(I;,,-&) + (l-R;)(I;.e-I;,e) (3.1) 

Now taking the stratum weighted average of these Injury differences, one 

obtains 

1 W&-I;) = 1 W,(R;-R;)(I; k-I;,a) 
R R 3 

(3.2) 

t lWRA(IM R 2 L R$-'R,a. R P. * ) + i! W (+)(I; &) 
, 

It 1s important to point out the physical interpretat ion of Equation (3.1) 

(or Equation (3.2)). For each stratum R, (Iy,a. - I!,e) is the reduztlon In the 

injury rate for occupants of VW Rabbits with manual restra ints as a result of 

manual restraint usage. Hence the component of (I; - I{) attributed to restraint 

usage rate differences 1s given by the first term ($- 4)(1! R- 1; ,), In 
9 , 

Equation (3.1) (or Equation (3.2)). 

* Slmllarly, ($ R - 11 a.) is the difference in injury rates for occupants of 

VW Rabbits with autbmatic bestraints relative to occupants of VW Rabbits with 

manual restraints when both types of systems were used. This difference 

represents the system differences. Consequently, the component of (I: - 1:) 

which 1s attributable to system differences is given by the second term, 

d( rM - IA ) ?n Equat?on (3.1) (or Equation (3.2)) which 15 Just (Ii r(: 1: ?) 

aijus% b,";ke automatic restraint system usage rate (Rt). 
3 , 

FInally, (I! R - 1; n.) 1s the difference In injury Fates between occupants 

of VW Rabbits with autom)atic restraints and occupants of VW Rabbits &th manual 

restraints when both types of restraint systems were not In use. Th 1s 

difference represents sample variation because, when both systems were not used, 

the corresponding injury rates should be approximately the same. Hence, the 

component of the overall difference in injury rates, (I! - Ii), which 1s 

attributable to sample varlatlons is given by the last term (I-$)($ R- Ii ,) 11 

Equation (3.1) which is simply the difference (I! R - 1; t) adjusted ;~y t?e" 

automatic restraint system non-usage rate (1 - f$j. ’ 
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If both sample variation and system differences are not significant, then 

nearly all of the overall Injury rate reduction (1: -1:) can be attributed to 

the difference in the restraint system usage rates. If such is not the case, 

then one cannot attribute all of the injury reduction to the difference in the 

restraint system usage rates and Equation (3.2) provides the means for 

estimating these individual components. 

Thus, the injury rates and restraint usage rates as well as each of the 

three components in Equation (3.2) can be estimated using the GSK method 

discussed in the preceding section. 



CHAPTER 4. ANALYSIS Ot SIX STATE\' RABBIT ACCIDENT DATA 

The statistical methodology outlined in the precedrng chapter 1s applied to 

the VW Rabbit accident data from each of the four states: New York, North 

Carolina, Maryland and Colorado. Due to certain limitations in the accident 

information, only relatively simple analyses are carried out for the Alabama and 

South Carolina data. The results are discussed in the order of variable 

selection, GSK estimation procedure, and a study on the effect of missing 

restraint usage information for each of the four primary states. 

Analysis of NEW YORK Data 

Variable Selection 

Table 4.1 provides a list of variables that are considered as potential 

confounding factors. The selection procedure is essentially that described in 

Chapter 3. 

For each variable in Table 4.1, the Pearson Chi-square statistics for the 

two-way tables Variable x RABBIT TYPE and Variable x INJAK were calculated where 

I 

0, if Injury = B, C, or 0 
INJAK = 

1, if Injury = A or K 

These statistics are presented in Table 4.2. Only variables that have both 

Pearson Chi-square statistics significant were considered. Among these 

variables, the one that had the highest Chi-square statistic per degree of 

freedom with respect to INJAK was selected. In the present case, Restraint 

Usage had the largest Chi-square statistic with respect to both RABBIT TYPE and 

INJAK. Thus, it was selected as the first variable to be included in tne 

analysis. 

After having selected Restraint Usage, the procedure was repeated by 

calculating the statistics J = x*((Restraint Usage x V) x RABBIT TYPC) anld 

T = x2((Restraint Usage x V) x INJAK) for the remaining variables. Table 4.3 

provides a summary of these statistics for some of the more significant 

variables. This table shows that, after controlling for Restraint Usage, NBVEH 

(Number of Vehicles) was the most sign?fTcant variable followed by VEHWTO 

(Vehicle Weight of the Other Car). 
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Characteristi 

Accident 

Vehicle 

Occupant 

Table 4.1 

A list of variables considered as potential controls 
(New York) 

Variable Levels Description of Levels 

Accident year 5 1975,1976,1977,1978,1979 

Accident type 4 Car/car, car/fixed object, 
car/others, non-collision 

NBVEH (Number of vehicles) 2 Single vehicle, multi-vehicle 

Light condition 5 Daylight, dawn, dusk, 
dark-road lighted, 
dark-road unlighted 

Road surface condition 4 Dry, wet, muddy/slush, 
snow/ice 

Type of road system 11 Interstate, state highway, 
city road, town road, 
municipal street, Parkway, 
Thruway, Northway, other 
limited access highway, 
unknown roadway, non-traffic -_____ -- -__ 

Model year 5 1975,1976,1977,1978,1979 

VEHWTO (vehicle weight 5 0, under 2001, 2001-3000, 
of other vehicle) 3001-4000, over 4000 

Impact area 4 Front, left, right, real 

Extent of damage 6 0,1,2,3,4,5 (=severe) 

Tow 2 Towed, not towed -- --- -~ 
Sex 2 Male, female 

Age group 6 Under 16, 16-20, 21-25, 
26-35, 36-55, above 55 

Seating position 2 Driver, right front 

Restraint usage 2 Used, not used 

Ejection 2 Yes, no 
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Table 4.2 

Pearson Chi-square statistics for (variable x RABBIT TYPE) and (variable x INJAK) 
(New York) 

RABBIT RABBIT 
Variable TYPE INJAK TYPE INJAK 

(Excluding unknown (Including unknown 
restraint usage cases) restraint usage cases) 

Accident year 3.0 (4) 0.55* 13.4 (4) 0.01 2.4 (4) 0.67 12.2 (4) 0.02 
0.8 3.4 3.1 3.1 

Accident type 2.7 (3) 0.45 71.8 (3) t 6.7 (3) 0.08 94.9 (3) t 
0.9 23.9 2.2 31.6 

NBVEH (Number 0.4 (1) 0.56 55.8 (1) t 0.8 (1) 0.37 72.6 (1) t 
of vehicles) 0.4 55.8 0.8 72.6 

Light 2.2 (4) 0.70 20.3 (4) t 2.0 (4) 0.73 17.2 (4) 0.01 
condltlon 0.6 5.1 0.5 4.3 

Road surface 2.8 (3) 0.42 1.8 (3) 0.62 1.2 (3) 0.75 3.0 (3) 0.39 
condition 0.9 0.6 0.4 0.0 

Type of road 16.8(10) 0.08 10.5(10) 0.40 22.3(10) 0.01 19.2(10) 0.04 
system 1.7 1.1 2.2 1.9 

Yodel year 26.8 (4) 0.001 8.3 (4) 0.08 22.7 (4) 0.001 12.0 (4) 0.02 
6.7 2.1 5.7 3.0 

VEHWTO (Veh. wt. 9.3 (4) 0.05 56.2 (4) t 7.9 (4) 0.10 73.4 (4) t 
of other car) 2.3 14.0 2.0 18.4 

Impact area 1.2 (3) 0.76 21.1 (3) 0.001 1.8 (3) 0.62 17.4 (3) 0.006 
0.4 7.0 0.6 11.7 

Extent of 4.2 (5) 0.53 231.5 (5) t 4.9 (5) 0.43 260.2 (5) t 
damage 0.8 46.3 1.0 52.1 

Tow 0.3 (1) 0.59 87.1 (1) t 0.2 (1) 0.64 115.2 (1) t 
0.3 87.1 0.2 115.2 

Sex 1.6 (1) 0.20 3.8 (1) 0.05 1.6 (1) 0.21 6.3 (1) 0.01 
1.6 3.8 1.6 6.3 

Age group 1.9 (5) 0.86 1.0 (5) 0.96 2.3 (5) 0.72 1.3 (5) 0.94 
0.4 0.2 0.6 0.3 

Seating 0.8 (1) 0.38 1.0 (1) 0.33 1.3 (1) 0.25 0.3 (1) 0.57 
posltlon 0.8 1.0 1.3 0.3 

Rebtralnt 240~47~(;) t 27.g7(;) t N.A. N.A. 
usage . . 

EJeCtion 1.0 (1) 0.31 204.5 (1) t 0.8 (1) 0.38 204.1 (1) t 
1 .o 204.5 0.8 204.1 

* 1 = 3.0 (d.f. = 4) p-value = 0.55 tp-value < 0.001 
x2/d.f. = 0.8 N.A. 

/ 
= not applicable Y' 
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Table 4.3 

Pearson Chi-square statistics for ((Restraint usage x V) Y RABBIT TYPFl 
and ((Restraint usage x V) x INJAK) 

(New York) 

I Variable (V) 

NBVEH 241.4 (3)* 
(Nunber of vehicles) 80.5 

Type of road system 

Model year 

VEHWTO 
(Vehicle weight of 
other vehicle) 

Impact area 

* 2 
X =&lF4 (d-f. = 3 

. . = 80.5 

An examination of the x2 values ln Table 4.3 indicates that further 

Restraint.,, 

> 

x RABBIT 
Usage TYPE 

Restral”t xv x INJAK 
Usage > 

269.3 (20) 
13.5 

287.4 (9) 
31.9 

265.2 (9) 
39.5 

133.0 (7) 
19.0 

85.8 (3) 
28.6 

47.5 (20) 
2.4 

39.4 (9) 
4.4 

86.5 (9) 
9.6 

48.2 (7) 
6.9 

repetition of the screening procedure will not be useful, hence the procedure 15 

terminated by selecting both NBVEH and VEHWTO at this stage. 

Estimation Procedure 

The analysis conducted in this section is based upon the variables 

Restraint Usage, NBVEH, and VEHWTO selected in the preceding section. 

From Table 4.2, one notes that the x'(Restraint usage x RABBIT TYPE) = 240.7 

with 1 degree of freedom which 1s significantly higher than all the other 

values. This indicates that Restraint Usage Rates between manual and automattc 

restraint systems are significantly different. Furthermore, x'(Restvalnt Ilsaqe y 

INJAK) = 27.21 with 1 degree of freedom which implies that Restraint Usage Rates ---- 
are significantly different between the injured and the uninjured occupants. 

Consequently, the focus of the ensuing analysis will be on estimating the 

restraint usage rates, the overall (A+K)-injury rates for occupants of VW Rabbits 

with manual and automatic restraint systems, and the three components of the 

. 
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overall Injury rate reduction which ~111 provide simultaneously an estlmat? for 

the component due to differential restraint usage rates, an estimate for the 

component due to system differences, and an estimate for the component due to 

sample variations that remdln unaccounted for after controlling for NBVEH and 

VEHWTO. 

These estimates can be obtained by applying the GSK method to the multi- 

dimenslonal contingency Table 4.4 generated by the cross-classiflcatlon 

NBVEH X VEHWTO X RABBIT TYPE x (RESTRAINT USAGE x INJAK). 

Table 4.4 

Data for VW manual and automatic restraint comparison 
relative to (A+K)-injury characterization 

(New York) 

Rabbit 
NBVEH VEHWTO* Type 

1 None M 
A 

2+ Under M 
2001 A 

2001- M 
3000 A 

3001- M 
4000 A 

Over M 
4000 A 

Total 

Restraint Not Used Restraint Used 

Uninjured Injured Uninjured Injured 

327 56 144 15 
48 10 69 3 

641 42 284 7 
117 7 145 3 

346 24 162 5 
54 3 51 3 

641 43 255 4 
72 5 142 7 

276 18 108 3 
50 2 67 2 

2572 210 1427 52 

*Weight of the other vehicle. 

Margin 
Total 

542 672 
130 [0.16] 

974 1246 
272 [0.29-j 

537 648 
111 [X15] 

943 1169 
226 [0.27] 

405 526 
121 co.121 

Stratum 
Total 

OJ,) 

4261 

In Table 4.4, for each stratum represented by a given factor level 

combination of (NBVEH x VEHWTO), the (Restraint Usage x INJAK) dlstrlbutlonq, 

assumed to be multinomial, are contrasted between manual and automatic r.estralnt 

type. The corresponding strata weight [Will 1s Qlven in the last column. 
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First a saturated model was fjt to the observed injury rates ,p via the 

linear model P = X,B, where P, @(the parameter vector), and & (the _ - 
saturated design matrix) are given below. The first colunn of the design vntt 1~ 

P q 

0.603 

0.369 

0.658 

0.430 

0.644 

0.486 

0.680 

0.319 

0.681 

0.413 

0.103 

0.077 

0.043 

0.026 

0.045 

0.027 

0.046 

0.022 

0.044 

0.017 

0.268 

0.531 

0.292 

0.533 

0.302 

0.459 

0.270 

0.628 

0.267 

0.554 
- 

1100011000 

1100000000 

1010010100 

1010000000 

represents the overall mean injury rate, the second colunn represents the main 

effect for NBVEH, the next three columns represent the main effects for VEHWTO 

(4 levels), the sixth column represents the effect of RABBIT TYPE, and the last 

four columns represent, respectively, the interaction effects for NBVEH x RABBIT 

TYPE and VEHWTO x RABBIT TYPE. The i-th parameter, Fi, corresponds to the i-th 

colunn of ,X . 

A series of models were then successively fitted where the design matrix ! 

at each stage was obtained by deleting all columns of the imnediately preceding 

design matrix that corresponded to non-significant main effects and/or 

interaction terms. Once the final design matrix Xf had been obtained (i.e., 

when a model was obtained which provided an adequate fit to the data), then the 

model coefficient estimates $ are given by 

where V is the covariance matrix for P. The predicted values for P can then be 

obtained from 

if = Sf@ 

with covariance matrix 

The estimates for Restraint Usage Rates, for Overall Injury Rates, and for the 

three terms on the right side of Equation (3.2) can then be derived from 6. 
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The final design matrix Xf, the observed and predicted multinomlal 

probabilities, the estimated model coefficients and the goodness-of-tit 

statistic are all summarized in Figure 4.1. 

The x2goodness-of-fit statistic for the final model is 5.89 with 15 

degrees of freedom and with an associated p-value of 0.98. This indicates that 

the final model fits the data very well. 

The estimated model coefficients show that NBVEH(p,) and V3(VEHWTO = 

3001-4000 vs. others)(Bs) are significant confounding factors. The significance 

of RABBIT TYPE (E4) implies that the overall (Restraint usage x INJAK) 

distributions are significantly different between the two Rabbit types. 

Furthermore, the significance of the interaction (V3 x RABBIT TYPE) implies 

that the differences in Rabbit types are differentially more important in the 

stratum defined by (NBVEH = 2+, VEHWTO = 3001-4000). 

The significant difference in the (Restraint usage x INJAK) distrihutlon 

between the two Rabbit types is mainly attributable to restaint usage rate 

differences. Estimates for the restraint usage rates, overall (A+K)-inJury 

rates, the three components on the right side of Equation (3.2), and the 

corresponding differences and effectiveness can be obtained from the final 

model. These estimates are all summarized in Table 4.5. 

These figures show, among other things, that the presence of automatic 

restraint systems results in almost a doubling of the restraint usage rate in 

accidents and a corresponding decrease in serious inJuries by a factor 3f about 

one-fifth. However, here one also obtains estimates for three components given 

in the decomposition formula (Equation 3.2) for the overall injury rate 

reduction. More specifically, the estimates show that the component attributed 

to restraint usage rate differences is 1.22% which IS statistically significant 

at a = 0.05, the component attributed to system differences IS -0.22% which 15 

not statistically significant, and that the component attributed to sample 

variations is 0.09% which IS also not statistically significant. 

The overall effectiveness of the automatic restraint system 111 reducinq 

(A+K)-injury is estimated to be 17.27% which IS not statlstlcally slynlflcant. 

However, the effectiveness of the automatic restraint system attributed to the 

increased automatic restraint usage rate is 19.27% which is statlstlcally signi- 

ficant at a= 0.05. The reason for the smaller overall effectiveness estimate 

for the automatic restraint system IS apparently due to the negative component 

due to the restraint system which cancels out part of the posltlve effectiveness 

of the system due to the increased automatic restraint usage rate. 
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Table 4.5 

Estimates for restraint usage rates, (A+K)-injury rates, components 

comprising the overall (A+K)-injury rate reduction and effectiveness 

(New York) 

Estimates (46) Difference (%)* 
(Standard Error) 

Effectiveness (%) 
Manual - Automatic Relative to Manual 

Manual Automatic (Standard Error) (Standard Error) 

Restraint 28.96 57.25 28.29+ 
Usage Rate (1.67) (1.84) (0.78) 

(A+K)-Injury 6.33 5.24 1.09 
Rate (0.41) (0.72) (0.81) 

Components of Variation in (A+K)-Injury Rate Differences: 

97.71' 
(7.81) 

17.27 
(12 30) 

Attributed to Restraint Usage 
Rate Differences 1.22 + 19.27 -I- 

(0.23) (3.34) 

Attributed to System Differences -0.22 -3.48 
(0.56) (8.85) 

Attributed to Sample Variations 0.09 1.48 
(0.58) (7.92) 

. 

Absolute value of the difference. 

+Statistically significant at a = 0.10. 

The Effect of Deleting Cases with Missing Restraint Usage Information. 

From Table 4.6, one can observe that restraint usage information is missing 

from approximately 16 percent of the cases. In this section, the potential 

effect of the deletion of these cases will be examined from the following three 

different angles. 

First, Table 4.6 shows that the proportion of cases with missing restraint 

usage information is not significantly different between the two types of Rabbit 

restraint systems. This indicates that the cases with missing restraint usage 

information are not overrepresented in one particular type of restraint system. 

. 
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Table 4.6 

Availability of Rabbit type by restraint usage information 
(New York) 

Known Unknown 
RABBIT Type Restraint Usage Restraint Usage Total 

Manual 3401 614 4015 
(84.71%) (15.29%) [79.57%] 

Automatic 860 171 1031 
(83.41%) (16.59%) [20.43X] 

Total 4261 785 5046 
(84.44%) (15.56%) 

X2 = 1.04, d.f. = 1 with p = 0.31 

Secondly, Table 4.2 contrasts the Pearson Chl-square statistics based on 

the total population to the Pearson Chi-square statistics based on the 

subpopulation with know restraint usage information. The deletion of unknown 

restraint usage cases does not seem to change appreciably the Chi-square 

statistics which implies that their deletion does not tend to distort the 

underlying association between these variables and RABBIT TYPE and also INJAK. 

Thirdly, Table 4.7 compares the injury rates between the manual and the 

automatic restraint systems based on the total population, while Table 4.8 

provides the same comparison based on the subpopulation with known restraint 

usage information. These two tables together show that, by deleting the cases 

Table 4.7 

(Rabbit Type n INJAK) distribution for total population 
(New York) 

P 

Total 
Population 

Manual 

Automatic 

Total 

INJAK 

0 1 Total 

3773 242 4015 
(93.97%) (6.03%) [79.57%] 

983 1031 
(95.34%) 

(4.6:;) 
[20.43X] 

4756 5046 
(94.25%) (5.::) 
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Table 4.8 

(Rabbit Type x INJAK) distribution for the subpopul atlon 
with known restraint usage information 

(New York) 

Known Restraint 
Usase 

Manual 

Automatic 

Total 

INJAK 

0 1 Total 

3184 217 3401 
(93.62%) (6.38%) [79.82%] 

815 860 
(94.77%) (5.2::) [20.18%] 

3999 262 
(93.85%) (6.15%) 

426 1 

with unknown restraint usage information, the serious injury rate for occupants 

of manual restraint system Rabbits increases from 6.03 percent to 6.38 percent, 

a 0.35 percent increase, while the injury rate for occupants of automatic 

restraint system Rabbits increases from 4.66 percent to 5.23 percent, a 0.57 

percent increase. This suggests that the subsequent effectiveness estimate will 

be on the conservative side since the deletion of these unknown restraint usage 

cases decreases the observed injury rate difference from 1.37 (= 6.03 - 4.66) 

percent to 1.15 (= 6.38 - 5.23) percent. 

With these observations, one concludes that the overall effect on the 

resulting estimates of the deletion of cases with unknown restraint usage ~111 

be minimal. Furthermore, the effectiveness estimates will tend to be on the 

conservative side. 

Analysis of NORTH CAROLINA Data 

Variable Selection. 

Table 4.9 is a list of variables consldered as potential controls. 

Variables that are identical to those appearing in Table 4.1 for New York State 

are similarly defined. Overall, the two lists are quite comparable. 

Again for each variable in Table 4.9, the Pearson Chl-square statistics for 

the two-way tables Variable x RABBIT TYPE and Variable x INJAK were calculated 

where INJAK is defined as before. These statistics are presented in Table 4.10. 

Among the variables Model Year, VEHWTO, and Restraint Usage which have 
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Table 4.9 

A list of variables considered as potential controls 
(North Carolina) 

Characteristics Variable Levels Level Description 

Accident Means of Tnvolvement 7 Ran off t'oad, hit fixed 
ObJect, hit non-fixed 
ObJect, car vs. car, 
car vs. truck/bus, mc)~ e 
than two vehicles 
involved, other 

NBVEH (Number of 2 Cingle vehicle, multi- 
vehicles) vehicle 

Road surface condition 4 Dry, wet, muddy, snowyllcy 
____ 

Vehicle Model year 5 1975, 1976, 1977, 1978, 1979 

VEHWTO (weight of 5 0, l-2000, 2001-3000 
other vehicle) 3001-4000, over 4000 

Region of impact 5 Front, right side, left 
side, rear, unspecified 

TAD (vehicle damage) 8 0, 1, 2, 3, 4, 5, 6, 7 
severity (= severe) 

Vehicle drivability 2 Drivable, not drivable 
---- __-- _--- .-- - - ~~__--- -- 

Occupant Sex 2 Male, female 

Age group 6 Under 16, 16-20, 21-25, 
26-35, 36-55, over 55 

Race 2 White, non-white 

Restraint usage 2 Used, not used 
- 

significant x2 values w1t.h respect to both RABBIT TYPE and INJAK, Resttalnt 

Usage 1s again the most significant variable. Thus, it IS the first variable to 

be included in the analysis. 

Again having selected Restraint Usage, the procedure is repeated by 

calculating the statistics T1 = x2((Restralnt Usage x V) x RABBIT TYPE) and 

T2 = x2((Restraint Usage x V) x INJAK) for the remaining variables. Table 4.11 

is a summary of these statistics for the more s~gnlflcant variables. 

NBVEH has the most significant X' values with respect to both RABBIT TYPE 

and INJAK. Thus it IS the second variable to be selected. Due to sample ~lze 

restriction, the procedure is terminated after lnclucling the variable VEHWTO, 

which is the second-most slgnlficant variable in Table 4.11. The variable TAD 

severity 1s not considered for two reasons. First, its Chl-square statistic 
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Table 4.10 

Pearson Chi-Square statistics for (VARIABLE x RABBIT TYPE) 
and (VARIABLE x INJAK) 

(North Carolina) 

RABBIT RABBIT 
Variable TYPE INJAK TYPE INJAK 

(Excluding unknown (Including unknown 
restraint usage) restraint usage) 

Means of 6.9 (6) 0.33* 68.0 (6) t 6.5 (6) 0.37 66.7 (6) t 
involvement 1.1 11.3 1.1 11.1 

NBVEH (Number of 0.3 (1) 0.61 43.6 (1) t 0.3 (1) 0.57 44.6 (1) t 
vehicles) 0.3 43.6 0.3 44.6 

Road surface 0.8 (3) 0.84 0.3 (3) 0.96 0.5 (3) 0.91 0.3 (3) 0.96 
condltlon 0.3 0.1 0.2 0.1 

Model year 29.0 (4) t 4.4 (4) 0.35 36.5 (4) t 7.7 (4) 0.10 
7.3 1.1 9.1 1.9 

VEHWTO (Vehicle 12.3 (4) t 10.9 (4) 0.03 10.0 (4) 0.04 15.7 (4) t 
wt. of other 3.1 2.7 2.5 3.9 
vehicle) 

Region of Impact 4.3 (4) 0.36 30.1 (4) t 3.8 (4) 0.43 36.2 (4) t 
1.1 7.5 1 .o 9.1 

TAD severity 8.4 (7) 0.30 185.9 (7) t 10.1 (7) 0.18 238.2 (7) t 
1.2 26.6 1.5 34.0 

Drlvabllity 2.3 (1) 0.13 96.0 (1) t 2.6 (1) 0.11 104.6 (1) t 
2.3 96.0 2.6 104.6 

Sex 2.6 (1) 0.11 1.0 (1) 0.33 3.0 (1) 0.08 1.5 (1) 0.23 
2.6 1 .o 3.0 1.5 

Age 16.0 (5) 0.01 
3*70[:) Oe60 

15.3 (5) 0.01 4.2 (5) 0.52 
3.2 . 3.1 0.8 

Race 2.4 (1) 0.12 2.4 (1) 0.13 2.0 (1) 0.16 2.6 (1) 0.10 
2.4 2.4 2.0 2.6 

Restraint usage 130.8 (1) t 5.9 (1) 0.02 N.A. N.A. 
130.8 5.9 

*X2= 6.9 (d.f. = 6) p-value = 0.33 'p-value < 0.001 
x2,'d.f. = 1.1 N.A. = Not applicable 
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Table 4.11 

Pearson Chi-Square statistics for (RESTRAINT USAGE x V) ii 
RABBIT TYPE and (RESTRAINT USAGE x V) x INJAK 

(North Carolina) 

Variable 
(Restraint xv 

> 
RABBIT 

\ Usage ' We 
RestraintxV 

Usage > 
x INJAk 

Means of involvement 

NBVEH (Number of 
vehicles) 

Road surface condition 

Model year 

VEHWTO (Weight of other 
vehicle) 

Region of impact 

Drivability 

TAD severity 

Sex 

Age 

* 2 
X = 156.1 (d.f. = 13) 

x'/d.f. = 12.0 

156.1 (13)" 80.7 (13) 
12.0 6.2 

136.6 (3) 56.2 (3) 
45.5 18.7 

74.3 (7) 10 3 (7) 
10.6 1.5 

178.8 (9) 22.2 (9) 
19.4 2.5 

155.8 (9) 57.9 (9) 
17.3 6.4 

123.0 (9) 38.4 (9) 
13.7 4.3 

9.8 (3) 96.1 (3) 
9.3 33.1 

130.1 (13) 190.0 (13) 
10.0 14.6 

36.2 (3) 3.3 (3) 
12.0 1.1 

159.7 (9) 11.0 (9j 
17.7 1.2 
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with respect to RABBIT TYPE is not as significant as VEHWTO, and s.Pcondly, it 

has eight categories whereas VEHWTO has only five categories, which 1~ important 

due to sample size restrictions. 

Estimation Procedure, 

To obtain estimates for Restraint Usage Rates, Overall Serious InJury 

Rates, and for the three terms on the right side of Equation (3.2), the GSK 

method is applied to the multi-dimensional contingency table generated by the 

cross-classification NBVEH x VEHWTO x RABBIT TYPE x (Restraint Usage x INJAK) 

where each subpopulation (row) is assumed to follow a multinomial distribution. 

(see Table 4.12). 

Table 4.12 

NBVEH x VEHWTO x RABBIT TYPE x (RESTRAINT USAGE x INJAK) 
(North Carolina) 

Stratum 
Rabbit Restraint Not Used Restraint Used Margin Total 

NBVEH VEHWTO* Type Uninjured Injured Uninjured Injured Total (W,> 

1 None M 144 27 22 1 194 256 
A 30 2 29 1 62 [0.17-j 

2+ l- M 142 3 23 0 168 714 
2000 A 31 2 22 1 i6 [0.15] 

2001- M 214 7 42 0 263 322 
3000 A 33 0 26 0 59 [0.22-l 

3001- M 272 11 70 1 354 484 
4000 A 82 2 45 1 130 [0.33] 

Over M 122 10 27 0 159 192 
4000 A 13 0 17 3 33 co.133 

Total 1083 64 323 8 1478 
- 

*Weight of the other vehicle 

First a saturated model was fit to the observed injury rates P '/ia the 

linear model ,P = k,B where L3, the parameter vector, and X, the saturdted decry? 

matrix are given on page 44 . A series of models were then successively fitted. 

The final design matrix Xf, the observed and predicted multinomial 

probabilities, the estimated model coefficients and the goodness-of-fit 

statistic are summarized in Figure 4.2. 
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The x2 goodness-of-fit statistic for the final model 1s 10.56 with 1, 

degrees of freedom and with a corresponcl~ng p-value of 0.78 lncllcatlng an 

adequate fit. 

The model coefficient estimates show that the overall effect ?f RABBIT ~YPc 

(E3) 7s significant. This is to say that, overall, the (RESTRAINT USAGF Y 

INJAK) distributions are significantly different between the two Rabbit types 

The significance of V, (VEHWTO = 3000-4000 vs others) (F~) Indicates that Its 

overall importance as a confounding factor 1s marginal. However, the 

sign~flcance of the interact?on V3 x RABBIT TYPE (g5) shows that for the str’atm 
defined by (NBVEH = 2+, VEHWTO= 3001-4000), there are significant differences 111 

the (Restraint Usage x INJAK) distributions over and above those accounted fol 

by RABBIT TYPE (,B,). The same 1s true for the stratum defined by (NBVEH = 1) 111 

view of the significance of the interaction NBVEH x RABBIT TYPE (@,+I. 

The desired estimates and their associated standard errors are then dpr-ved 

* 
A 

as before from P = Xf!, and _V(_P) = Xf(X;v-'Xf)-'X; where v 1s 

the covariance matrix associated with @. These est-rmates are sumrnarlzed ?II 

Table 4.13. 

Table 4.13 

Esttmates for restraint usage rates, (A+K)-Injury rates, overall 
injury rate reduction, three components comprising the overall 

injury rate reduction and effectiveness 
(North Carolina) 

Estimates (%) Difference (%)* Effectiveness ('X) 
(Standard Error) (Manual - Automatic) (Relative to Manual) 

Manual Automatic (Standard Error) (Standard Error) 

Restraint 16.63 43.08 26.45+ 
Usage rate (1.10) (2.66) (2.87) 

Injury rate 5.21 3.83 1.38 
(0.65) (1.05) (1.23) 

Components of Variation in (A+K)-Injury Rate Differences 

159.07 ‘ 
(23.42) 

26.38 
(22.36) 

Attributed to restraint usage 
rate differences 

Attributed to system differences 

Attributed to sample variations 

0.85+ 16.33' 
(0.45) (8.40) 

-0.35 -6.81 
(0.87) (17.12) 

0.88 16.SI 
(0.90) (lb.67) 

*Absolute value of the difference. 
+Statistically significant at a= 0.10. 
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The figures above show, among other things, that the presence of 3utlmatlL 

restraint systems results in more than a doubling of the restraint usage patt 

in accidents and a decrease in serious injuries by a factor of over 25 percent. 

EstTmates for the three components of Equation (3.2) show that the colnponcnt 

attributed to' a restraint usage rate increase 1s 0.85 percent dhlch 1s 

statistically blgnificant at a = 0.05 level while the component attributed to 

sample variations 1s 0.88 percent and the component attributed to system 

differences 1s -0.35 percent, both of which are not statistically significant. 

The overall effectiveness of the automatic restraint system in reducing 

(A+K)-inJury is estimated to be 26.38 percent which IS not statlstlcally , 
signif?cant. However, the component of the serious InJury tate varlatlon 

attributed to increased usage of automatic restraints 1s 16.33 percent which 7s _ 

statistically slgn~flcant at a = 0.10 level. 

The estimate of 0.88 percent for the component attributed to sample 

varlatlons 1s relatively large in comparison to the first component attributed 

to restraint usage rate differences. This suggests that the remanning sample 

variations after controlling for NBVEH and VEHWTO are still substantial. 

The Effect of Deleting Cases with Missing Restraint Usage Information 

Table 4.14 lndlcates that about 10 percent of the cases have ml‘,stng 

restraint usage Information. The potentJa1 effect of theIt deletion from tne 

preceding analysis will be examined below 

First, Table 4.14 shows that the proportion of cases with missing rectrajnt 

usage lnformatlon is not signlflcantly different between the two types of Rabbit 

restraint systems. This Implies that the cases with unknown restraint usage 

lnformatlon are not overrepresented in one particular type of testrdint qysterrl. 

Table 4.14 

RABBIT TYPE x RESTRAINT USAGE information availability 
(North Carolina) 

RABBIT TYPE 

Manual 

Automatic 

Total 

Known Unknown 
Restraint Usage Restraint Usage 

1426 154 
(90.25%) (9.75%) 

425 
(91.01%) (8.9;:) 

1851 196 
(90.43%) (9.57%) 

Total 

1580 
[77.19%] 

196 
[22.81%] 

2047 

X2 = 0.24, d.f. = 1 with p = 0.63 
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Next, Table 4.10 compares the Pearson Chl-square statistics based on thr 

total population to the Pearson Chl-square statlstlcs based on the subpopula- 

tlon with known restraint usage Information. The deletion of unknown reqtt alnt 

usage cases agaln does not seem to change the Chl-square statlstjc slqnlflcan:lv 

which implies that their deletion does not tend to dlstot-t the undctlyinq 

relationships between these variables and RABBIT TYPE, and also INJAK. 

Finally, Table 4.15 compares the injury rates between the manual and tile 

automatic restraint systems based on the total population, and Table 4.16 

provides an analogous comparison based on the subpopulatlon with known rest! alnt 

usage information. These two tables together show that, by deletirlg the cases 

Table 4.15 

(RABBIT TYPE x INJAK) based on total population 
(North Carolina) 

INJAK 
Total 

Population 0 1 Total 

Manual 1505 1580 
(95.25%) (4.::%) [77.19%] 

Automatic 451 
(3.E%) 

467 
(96.57%) [22.81%] 

Total 1956 2047 
(95.55%) (4.Z%) 

Table 4.16 

(RABBIT TYPE x INJAK) based on subpopulation 
with known restraint usage information 

(North Carolina) 

INJAK 
Known Restraint 

Usage 0 1 Total 

Manual 1361 1426 
(95.44%) (4G%, [77.04%] 

Automatic 410 
(3.::%) 

425 
(96.47%) [22.96%] 

Total "1771 1851 
(95.68%) (4.:02x, 
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nTth unknown restra'lnt usage Informat?on, the InJury rates for occupants of 

manual restraint systems decreases from 4.75 percent to 4.56 percent, while th+a 

inJury rate for occupants of automatic restraint systems increases fl-orn 

3.43 percent to 3.53 percent. Together thus suggests that the subsequent. 

effectiveness estimate ~11 be on the conservative srde. The deletion of the,e 

cases with unknown restraint usage information decreases the injury rate 

reduction from 1.32 (=4.75 - 3.43) percent to 1.03 (=4.56 - 3.53) percent. 

Thus, one can reasonably conclude that deleting unknown restraint usage 
cases has a minimal effect on the resulting estimates. Inderd, the 

effectiveness estimates will tend to be on the conservative \*dP. 

Analysis of MARYLAND Data 

Variable Selection. 

The list of variables considered as potential controls for the Maryland 

analysis is given In Table 4.17. For each variable In this table, the Peat-svrl 

Chi-square statistics for the two-way tables Variable u RABBIT TYPE and Vdrlablt 

x INJAK are calculated where INJAK is defined as follows: 

1 

0, if Injury = No injury, possible injury, or 
INJAK = non-incapacitating Injury 

1, if Injury = Incapacitating InJury or fatal 

These statistics are given In Table 4.18. Again restraint usage is the only 

variable with significant x2 -values with respect to RABBIT TYPE and INJAK 

Thus, it 1s the first variable to be included in the subsequent analysib. 

After having selected Restraint Usage, the procedure 7s repeated by 

calculating: Tl = x2((Restraint Usage x V) x RABBIT TYPE) and 

T2 = x'((Restra?nt Usage x V) x INJAK) for each of the remalnlng vat-Tables. 

Table 4.19 provides a summary of these statistics for some of the more 

significant variables. 

The variable Ejection has the most significant x2 values. However, thl, 

variable 1s not very informative Since less than 1 percent of the oc-cupants ln 

the file were ejected. Hence, NBVEH is the second variable selectee; because it 

is the next most significant vat-Table. The procedure is terminated at this 

stage and no other variables are selected because inclusion of additional 

variable(s) would result in many empty cells in the subsequent contingency table 

due to relatively low injury frequencies. 
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4.3.2 Esttmation Procedure. 

Again to obtain estimates for restraint usage rates, overall serTous lll~uty 

rates, and for the three terms on the right side of Equation (3.2), the GSh 

method is applied to the mult?-dimensional contingency table generated by the 

cross-classification WBVEH x RABBIT TYPE x (Restraint Usage x INJAK) where each 

subpopulatlon (row) is assumed to follow a multlnomial distribution (see Tabltl 

4.20). 

Table 4.17 

A list of variables consldered as potential controls 

(Maryland) 

Characteristics Variable Levels Descrlptlon of Levels 

Accident Accident year 5 1975, 1976, 1977, 1978, 1970 

Accident type 12 Other motor vehicle in 
transport, parked M1, 
MV on other roadway, 
pedestrian, pedacycle, 
other pedestrian con- 
veyance, an7ma1, raTI- 
way, train, fixed object 
other object, overturned, 
other non-collision 

NBVEH (Number of vehicles) 2 Single vehicle, multi-vehicle 

Road surface condltlon 4 Dry, wet, muddy, snowy/icy ___~--- ---__-- - -~ - 

Vehicle Model year 5 1975, 1976, 1977, 1978, 1979 

VEHWTO (Weight of 5 0, l-2000, 2001-3000, 
vehicle) 3001-4000, over 4000 

Vehicle damage 4 Dlsabllng, functional, othet 
severity vehicle damage, no dam(tgc 

Damage area 4 Front, left side, tlyht s~dc 
rear 

Strike 2 Striking, struck 
__ --___--__ --~---- -~ --- 

Occupant Sex 2 Male, female 

Age 6 Under 16, 16-20, 21-25, 
26-35, 36-55, above 55 

Ejection 2 Ejected (full, partisl), 
not eJected 

Restraint usage 2 Used, not llsed 
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Table 4.18 

Pearson Chi-square statistics for (VARIABLE x RABBIT TYPE) 
and (VARIABLE x INJAK) 

(Maryland) 

RABBIT RABBIT 
Variable TYPE INJAK TYPE INJAK 

(Exclud?ng Unknown (Including Unknown 
Restraint Usage Cases) Restraint Usage Cases) 

Accident year 27.4 (4)* t 5.1 (4) 0.28 28.4 (4) t 3.5 (4) 0.48 
6.8 1.3 7.1 0.9 

Accident type 34.2(H) t 78.1(H) t 37.5(H) t 84.7(11) t 
3.1 7.1 3.4 7.7 

Nunber of vehicles 0.1 (1) 0.93 15.6 (1) t 0.2 (1) 0.9c) 32.9 (1) t 
0.1 15.6 0.2 22.9 

Road surface 16.1 (3) t 2.1 (3) 0.54 17.3 (3) t 3 5 (3) 0.32 
conclltion 5.4 0.7 5.8 1.2 

Model year 49.0 (4) t 1.4 (4) 0.85 51.1 (4) t 0.8 (4) 0.94 
12.3 0.4 12.8 0.2 

VehTcle weight of 0.8 (4) 0.94 18.7 (4) t 1.6 (4) 0.80 20.6 (4) t 
other car 0.2 4.7 0.4 5.2 

Damage area 2.5 (3) 0.47 6.5 (3) 0.09 2.6 (3) 0.45 8.5 (3) 0.04 
0.8 2.2 0.9 2.8 

Sex 1.2 (1) 0.28 0.1 (1) 0.71 1.4 (1) 0.24 0.0 (1) 0.97 
1.2 0.1 1.4 0.0 

Age 21.3 (5) t 7.1 (5) 0.21 21.5 (5) t 6.7 (5) 0.24 
4.3 1.4 4.3 1.4 

Ejection 1.3 (1) 0.26 86.1 (1) t 1.8 (1) 0.18 66.1 (1) t 
1.3 86.1 1.8 66.1 

Strike 0.5 (1) 0.50 6.6 (1) 0.01 0.0 (1) 0.92 113(l) t 
0.5 6.6 0.0 11.3 

Vehlclc dmage 6.2 (3) 0.18 85.2 (3) t 7.2 (3) 0.12 111 7 (3) t 
severity 2.1 28.4 2.4 31.1 

Restraint usage 180.0 (1) t 5.9 (1) t N.A. N.A. 
180.0 . 5.9 

* 2 X =x$;;14f (d.f. = 4) +p-value < 0.001 
. . = 6.8 N.A. = not applicable 
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Table 4.19 

Pearson Chi-square statistics for (RESTRAINT USAGE x V) x RABBIT TYPE 
and (RESTRAINT USAGE x V) x INJAK 

(Maryland) 

( 

Restraint xV 

> 

x RABBIT Restraint 
Variable Usage Type Usage 

XV 
> 

y INJAK 

Accident year 

Accident type 

NBVEH (nunber of 
vehicles) 

Road surface 
condition 

Model year 

VEHWTO (veh. weight 
of other vehicle) 

Vehicle damage 
severity 

Damage area 

Strike 

Age 

Ejection 

* 2 
X = 204.4 (d.f. = 9) 

x2/d.f. = 22.7 

204.4 (9)* 48.4 (9) 
22.7 5.4 

209.0 (22) 124.9 (22) 
9.5 5.7 

180.6 (3) 24.5 (3) 
60.2 8.7 

185.2 (7) 11.9 (7) 
26.5 1.7 

231.2 (9) 
25.7 10i62(9) . 

yaw 35.1 (9) 
. 3.9 

181.3 (7) 101.4 (7) 
25.9 14.5 

184.8 (7) 13.1 (7) 
26.4 1.9 

176.9 (3) 
59.0 

12i31 (3) 
. 

198.1 (11) 18.0 '7i66(1'J 

180.7 (3) 100.1 (3) 
60.2 33.4 
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Table 4-20 

NBVEH x RABBIT TYPE X (RESTRAINT USE x INJAK) 
(Maryland) 

I 

Stratum 
RABBIT Restraint Not Used Restraint Used Margin Total 

NBVEH TYPE Uninjured Injured Uninjured Injured Total (W J 

1 Manual 93 11 59 2 165 223 
[O. 10-j 

Automatic 15 1 40 2 58 

2+ Manual 863 24 631 13 1531 2052 
[0.90-J - 

Automatic 131 5 381 4 521 

I Total I 1102 41 1111 21 I I 2275 I 

First a saturated model was fit to the observed Injury rates P using the 

linear model P = L.! where 

The first column of ,Xs represents the overall mean injury rate, the next two 

colunns represent the main effects for NBVEH and RABBIT TYPE, and the last 

colunn represents the interaction effect for NBVEH x RABBIT TYPE. 

A series of models were then successively fitted where the design matrix X 

at each stage was obtained by deleting all columns of the immediately preceding 

design matrix that correspond to non-significant main effects and/at to the 

interaction. 

The final design matrix Xf, the observed and predicted multlnomial 

probabilities, the estimated model coefficients and the goodness-of-fit 

statistic are all summarized in Figure 4.3. 

The x2 goodness-of-fit statistic is 1.51 with 2 degrees of freedom and a 

corresponding p-value of 0.68 Indicating an adequate fit of the data. 

The model cocfficlent estimates show that the overall effect of RABBIT TYPE 

(g,) is significant which implies that there is significant difference 711 the 

(Restraint Usage x INJAK) distributions between the two Rabbit types. The 
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signlf~cance of the interaction NBVEH x RABBIT TYPE (ef3) indicates that there IS 

an add~tlonal difference in the (Restraint Usage x INJAK) dlstr~butlons betwee? 

the two Rabbit types in the stratum defined by (NBVEH = 1). 

The difference in the (Restraint Usage X INJAK) dlstrlbutlons betweerl tba 

two Rabbit types is again mainly due to the restraint usage rate differences. 

The effect of the restraint usage rate differences on the overall serious ln~ur-y 

rate reduction is examined below. 

Table 4.21 

Estimates for restraint usage rates, (A+K)-injury rates, overall 
injury rate reduction, three components comprising the overall 

injury rate reduction and effectiveness 
(Maryland) 

~-- 

Estimates (%) Difference (%)* Effectiveness (%) 
(Standard Error) (Manual - Automatic) Relative to Manual 

Manual Automatic (Standard Error) (Standard Error.) 

Restraint 41.60 73.71 32.11+ 77.35; 
usage rate (1.20) (1.83) (2.18) (6.74) 

Injury rate 2.95 
(X) 

1.11+ 37.611' 
(0.41) (0.69) (20.79) 

Components of Variation in (A+K)-Injury Rate Differences: 

Attributed to restraint usage 0.46+ 15.5s: 
rate differences (0.26) (8.66) 

Attributed to system differences 0.74 25.21 
(0.55) (17.61) 

Attributed to sample variation -0.09 -3.15 
(0.44) (14.88) 

*Absolute value of the difference. 
tstatistically significant at CL = 0.10. 

Table 4.21 summarizes the various estimates obtained from the fIna model. 

These figures show that the presence of automatic restraint systems again 

results tn almost a doubling of the usage rate and a corresponding decrease ln 

serious injuries by a factor of about one-third. The difference in overall 

injury serious rates is estimated to be 1.11 percent. The estimates show that 

the component attributed to restraint usage increase IS 0.46 percent, the compo- 

nent attributed to system differences is 0.74 percent, and the component attrl- 

buted to sample variation is -0.09 percent. The estimate for the flrbt compo- 

nent is statistically significant at a= 0.10, while the estimates for the ntile*‘ 

two components indicate that they are not significantly different from zero. 
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The overall effectiveness of the automatic restraint system in reducing 

serious or fatal injuries is estimated to be 37.61 percent which is 

statistically significant at a = 0.10. Moreover, the effectiveness of the 

automatic restraint system attributed to restraint usage increase 1s estimated 

to be 15.5 percent which 1s also statistically significant at a = 0.10. 

The estimate for the component of injury rate reduction attributed to 

system differences is 0.74 percent which is large compared to the estimate for 

the first component. This is why the overall effectiveness (37.61%) is much 

larger than the effectiveness attributed to restraint usage increase (15.5%). 

The Effect of Deleting Cases with Missing Restraint Usage Information. 

Table 4.22 shows that only about 4 percent of the cases have unknown 

restraint usage information. As thTs is an important variable in the analysis, 

the potential effect of their deletion from the preceding analysis will be 

examined. 

First, Table 4.22 shows that the proportion of cases wit+ rnlsslrlg restr-allit 

usage informatin 1s marginally significantly different between the two types of 

Rabbit restraint systems. 

Table 4.22 

RABBIT TYPE x Restraint Usage information availability 
(Maryland) 

Known Unknown 
Rabbit Type Restraint Usage Restraint Usage Total 

M 1696 271 1967 
(86.22%) (13.78%) [75.22%] 

A 578 648 
(89.20%) (lo.;oo%) [24.78%] 

Total 2274 341 2615 
(86.96%) (13.04%) 

1 

X2 = 3.8, d.f. = 1 with p = 0.051 

Next, Table 4.18 compares the Pearson Ch?-square statistics based on t+e 

total population to the Pearson Chl-square statistics based on the subpopuldtion 

with known restraint usage information. Deletion of cases with unknown belt 



-69- 

usage again does not tend to distort the underlyIng relationships between thesrl 

variables and RABBIT TYPE and also INJAK. 

Finally, Table 4.23 compares the injury rates between the manual and the 

automatic restraint systems based on the total population, and Table 4.24 

provides an analogous comparison based on the subpopulatron with known restraIn 

usage information. These two tables together show that, by deleting the cares 

Table 4.23 

(RABBIT TYPE x INJAK) based on total population 
(Maryland) 

INJAK 
Total 

Population 0 1 Total 

Manual 1893 
(97.13%) (2Z%) 

1949 
[75.28%] 

Automatic 629 
(98.28%) (1 .::x, 

640 
[24.72%] 

I Total 

I 

2522 
(97.41%) (2.Z%) I 

2589 

Known Restraint 
Usage 

Manual 

Automatic 

Total 

Table 4.24 

(RABBIT TYPE x INJAK) based on subpopulation 
with known restraint usage information 

(Maryland) 

INJAK 

0 1 Total 

1646 
(97.05%) (2.Z%) 

1696 
[74.58%] 

567 
(,.:A%, 

578 
(98.10%) [25.42%] 

2213 
(97.32%) (2.ZX) 

2274 
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with unknown restraint usage information, the Injury rate for occupants If 

manual restraint systems increases from 2.87 percent to 2.95 percent, while tj~ 

injury rate for occupants of automatic restraint systems Increases from 1.72 

percent to 1.90 percent. The deletion of these cases with unknown restraint 

usage information decreases the Injury rate reduction from 1.15 (=2.87 - 1.72) 

percent to 1.05 (=2.95 - 1.90) percent. This suggests that the subsequent 

effectiveness estimate will be on the conservative side. 

With these various observations, one can again reasonably conclude that the 

overall effect of the deletion of cases with unknown belt usage will be rn?nlmal 

on the resulting estimates. 

Analysis of COLORADO Data 

Variable Selection 

Table 4-25 contains the available list of variables consldered as poterltial 

controls for Colorado. Again the Chl-square statlstlcs for this assoclatlon 

Table 4.25 

A list of variables considered as potential control; 
(Colorado) 

Characteristics Variable Levels Description of Levels 

Accident Accident year 5 1975,1976,1977,1978,1979 

NBVEH (Number of 2 Single vehicle, multi- 
vehicles) vehicle 

Road surface 3 Wet, dry, snowllcy 
condition 
---__- -- --I------- -- -_~ - 

Vehicle Model year 5 1975,1976,197/,1978,1979 

VEHWTO (Vehicle weight 5 0, l-2000, Zc)Ol-3000, 
of other vehicle) 3001-4000, Over 4000 

Tow 2 Yes, no -________---.-- ------ ~-_ --- - 

Occupant Sex 2 Male, female 

Age group 6 Under 16, 16-20, 21-25, 
26-35, 36-55, Over 55 

Ejection 2 Ejected, not ejected 

Restraint usage 2 Used, not used 
---- 
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\k'th RABBIT TYPE and INJAK are calculated where INJAK is defined as: 

I 

0 if Injury = Minor visible injuries, complaint of 
pain with no visible injuries or 

INJAK = no injuries 

1 if Injury = Fatality, or carried from the scene 

Thcs? statist?cs are presented in Table 4.26. Restraint usage is the only 

variable with significant x2 values with respect to both RABBIT TYPE and INJAK. 

Thu5 it is the first variable selected. 

After having selected RESTRAINT USAGE, the procedure is repeated and the 

corresponding statistics are given in Table 4.27. In this case, the variable 

Ejection has the most significant x2 values. However, it is not selected 

because occupants were not ejected in over 99 percent of the cases. Towing is 

the next most significant variable followed by NBVEH. Due to the size of the 

sample and the magnitudes of the x2 values for the remaining variables further 

+*epetitlon of the procedure was not warranted. Hence, Tow and NBVEH were the 

two var-lables selected at this stage. It IS of interest that the variable 

VEHWTO is also significant here but not as significant as Towing or NBVEH. 

Estimation Procedure -- 
To obtain estimates for restraint usage rates, overall serious injury 

rates, and for the three components in the decomposition of the overall (A+K)- 

rnjury rate reduction, the GSK method was applied to the multi-dimensional 

contingency table generated by the cross-classification Tow x NBVEH x RABBIT 

TYPE x (Restraint Usage x INJAK) where each subpopulation (row) is assumed to 

follow a multinomial distribution (see Table 4.28). 

Generally, occupants of towed vehicles and occupants of non-towed vehicles 

have different injury experiences. In order to have a better grasp of the 

underlying relationship, a saturated 2-module mode 

oasclrved injury rates via the linear model P = Xse 

P = 

0.554 0.259 0.179- 

0.364 0.273 0.303 

0.618 0.150 0.208 

0 377 0.105 0.456 

0.612 0.045 0.340 

0.738 0.008 0.246 

0.698 0.010 0.291 

0.437 0.004 0.555 . 

, _x, = 

m 

1111 

1100 

1 was first fit to the 

where 

10100000 

10000000 

00001111 

00001100 

00001010 

00001000 
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Table 4.26 

Pearson Chi-square statistics for (VARIABLE x RABBIT TYPE) and (VARIABLF \ INJAk) 
(Colorado) 

Variable 

Accident year 

NBVEH 
(Number of vehicles) 

Road surface 
condition 

Model year 

VEHWTO 
(Vehicle weight of 

other car) 

Tow 

Sex 

Age group 

Ejection 

Restraint usage 

Rabbit 
Type INJAK 

(Excluding unknown 
Restraint usage cases) 

4.0 (4) 0.41* 
1.0 

1.0 (1) 0.32 
1.0 

0.2 (2) 0.89 
0.1 

4.7 (4) 0.01 
3.7 

0.87(4) 0.93 
0.2 

o*‘o(? O* 77 . 
1.2 (1) 0.28 

1.2 

8.3 (5) 0.14 
1.7 

0.5 (1) 0.50 
0.5 

'4.4 (1) t 
74.4 

20.3 (4) t 
5.1 

55.5 (1) t 
55.5 

2.4 (2) 0.30 
1.2 

5.4 (4) 0.25 
1.4 

5.3 (4) 0.26 
1.3 

177.5 (1) t 
177.5 

0.3 (1) 0.60 
0.3 

20.4 (5) t 
4.1 

141.2 (1) t 
141.2 

20.7 (1) t 
20.7 

Rabbit 
Type INJAK 

(Including unknown 
restraint usage cascb) 

3.7 (4) 0.45 16.2 (4) 0.005 
0.9 4.1 

1.5(10) 0.23 65.4 (1) t 
1.5 65.4 

1.0 (2) 0.61 4.6 (2) 0.10 
0.5 2.3 

13.9 (4) 0.01 6.9 (4) 0.14 
3.5 1.8 

1.0 (4) 0.91 5.0 (4) 0.73 
0.3 1.3 

0.4 (1) 0.52 204.3 (1) t 
0.4 204.3 

0.5 (1) 0.49 1.2 (1) 0.28 
0.5 1.2 

6.7 (5) 0.25 74.0 (5) t 
1.4 4.8 

0.5 (1) 0.50 141.2 (1) t 
0.5 141.2 

N.A. N.A. 

1 

*x2 = 4.0 (d.f. = 4) p-value = 0.41 -f-p-value < 0.001 
,2/d.f. = 1.0 N.A. = not applicable 
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Table 4.27 

Pearson Chi-square statistics for (RESTRAINT USAGE x V) x RABBIT TYPE 
and (RESTRAINT USAGE x V) x INJAK 

(Colorado) 

Variable (V) 

Accident year 

NBVEH (Nunber of 
vehicles) 

Road surface 
condition 

Model year 

Tow 

VEHWTO (Vehicle 
weight of other 
vehicle) 

Restraint xv x RABBIT 
Usage > 

Restraint 
TYPE Usage 

x’.’ 
> 

x INJAK 

84.3 (9)* 53.0 (9) 
9.4 5.9 

76.9 (3) 85.5 (3) 
25.6 28.5 

78.6 (5) 23.0 (5) 
15.7 4.6 

96.1 (9) 32.4 (9) 
10.7 3.6 

78.8 (3) 205.1 (3) 
26.3 68.4 

46.7 (9) 53.7 (9) 
5.2 6.0 

Age 99.3 (11) 47.8 (11) 
9.0 4.3 

Sex 84.1 (3) 20.7 (3) 
28.0 6.9 

Ejection 75.7 (2) 156.0 (2) 
37.9 78.0 

* 2 X = 84.3 (d.f. = 9) 
x2/d.f. = 9.4 
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Table 4.28 

Data for VW Rabbit manual and automatic restraint systems ;ompariwn 
relative to (A+K)-injury characterization 

Rabbit Restraint Not Used Restralnt Used MargIn Total 
Tow NBVEH Tse Uninjured Injured Uninjured Injured Total w 

Yes 1 M 62 29 20 1 112 145 
A 12 9 10 2 33 (0.09) 

2+ M 202 49 68 8 327 441 
A 43 12 52 7 114 (0.28) 

No 1 M 27 2 15 0 44 A 9 0 3 0 12 (0.;:) 

2+ M 505 
A 104 

: 211 
132 

1' 724 962 
338 (0.60) 

Total 964 109 511 20 1604 

The design matrix Xs has been partltloned accordlng to the tow vs. non-tow 

subpopulation. The first column of I(, represents the overall mean injury rate 

for the towed subpopulatlon, and the next three columns represent the main 

effects of NBVEH and RABBIT TYPE, and the interaction NBVEH x RABBIT TYPE for 

this subpopulation. The last four columns represent the corresponding effects 

for the non-towed subpopulation. 

A series of models were then successively fitted. The final design matrrx 

_xf, the observed and predicted multlnomial probabllitles, the estimated model 

coefficients, and the goodness-of-fit statistic are summarized in Figure 4.4. 

The x2 goodness-of-fit statistic is 1.53 with 3 degrees of freedom and a 

corresponding p-value of 0.67 indicating an adequate fit. 

The model parameter estimates show that the main effect NBVEH is a 

slgnTficant confounding factor in both the towed (g,) and the non-towed (B,) 

subpopulations (see Figure 4.4). The overall effect of RABBIT TYPE (&?,&,) 1'~ 

also significant in the two subpopulatlons. In the non-towed subpopulation, 

there is a significant difference in the (Restraint Usage x INJAK) distrlbutlonr 

between the two Rabbit types in the case of single-vehicle accidents (p7). 

Finally, the statistic B1 - &shows that the overall mean injury rates between the 

towed and the non-towed subpopulations are significantly different suggesting 

that the partition of the design matrix into modules defined by Tow 1s 

appropriate. 



-75- 

+ 
N 

. a 
-- c 

J-l 
-> 
c c 



-76- 

M 
m 

. 

II 

. 



-77- 

The differences in the (Restraint Usage x INJAK) distributions between the 

two Rabbit Types are again mainly attributable to restraint usage rate 

differences. Estimates for restraint usage rates, overall serious injury rates, 

the three components on the right side of Equation (3.2), and the corresponding 

differences and effectiveness are summarized ln Table 4.29. 

Table 4.29 

Estimates for restraint usage rates, (A+K)-injury rates, overall 
injury rate reduction, three components comprising the overall 

injury rate reduction and effectiveness 
(Colorado) 

I 1 
Estimates (%) Difference (%)* Effectiveness (%) 

(Standard Error) (Manual - Automatic) (Relative to Manual) 
Manual Automatic (Standard Error) (Standard Error) 

Restralnt 
u5qe Rate 

29.37 46.13 16.76+ 
(2.24) (3.97) (4.55) 

InJut y Rate 5.07 4.12 0.95 
(0.98) (1.17) (1.47) 

Components of Variation in (A+K) - Injury Rate Differences: 

Attributed to Restraint Usage 0.70+ 
Rate Differences (0.36) 

Attributed to System Differences -0.57 
(0.84) 

Attributed to Sample Variation 0.82 
(1.30) 

57.07 + 
(18.00) 

18.78 
(27.02) 

13.87+ 
(7.81) 

-11.31 
(16.79) 

16.22 
(23.63) 

*Absolute value of the difference 
+Statistically significant at a = 0.10. 

These figures show that the presence of automatic restraint systems again 

increases the usage rate by about one and a half times, and decreases the injury 

rate by a factor of about one-fifth. The difference in the overall serious 

InJury rate is estimated to be 0.95 percent. The estimates show that the 

(smponent of the overall injury rate reduction attributed to restraint usage 

rate differences 1s 0.70 percent, the component attributed to system differences 

1\ -0.57 pet-cent, and the component attributed to sample variation is 0.82 

pr‘t Lent. The estltnate for the belt usage component is statistically significant 

3t 1 = 0 10, while the estimates for the other two components are not 

stdtistlcally significantly different from zero. 
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The cstjmate of 0.82 percent for the third component is relatively large in 

magnrtude when compared to the estimate of 0.70 percent for the first component. 

This suggests that the variation in the two samples of RABBITS that are not 

accounted for by controlling for Tow and NBVEH remains sizable. 

The overall effectiveness of the automatic restraint system in reducing 

serious and fatal injuries is estimated to be 18.78 percent. The effectiveness 

of the automatic restraint system attributed to an increase in restraint usage 

IS estimated to be 13.9%, which is statistically significant at 0: = 0.10. 

The Effect of Deleting Cases with Missing Restraint Usage Information -- 
Table 4.30 shows that about 10% of the cases have unknown restraint usage 

information. The effect of the deletion of these cases is examined below. 

First, Table 4.30 shows that the proportion of cases with missing restraint 

usage information is not significantly different between the two types of 

restraint systens. 

Table 4.30 

Availability of RABBIT TYPE x Restraint Usage information 
(Colorado) 

Rabbit Type 

Manual 

Automatic 

Total 

Known Unknown 
Restraint Usage Restraint Usage I Total 

1394 
(89.70%) 

462 
(88.60%) 

1856 
(89.45%) 

160 
(10.30%) 

(G%) 

219 
(10.55) 

1554 
[74.89%] 

521 
[25.11%-j 

2075 

X2 = 0.4, d.f. = 1, p = 0.51 

Next, Table 4.26 compares the Pearson Chi-square statistics based on the 

tatal population to the Pearson Chi-square statistics based on the subpopulation 

with known restraint usage information. Their deletion again does not tend to 

distort the underlying relationships between these variables and RABBIT TYPE and 

also INJAK. 

, 

Finally, Table 4.31 compares the (A+K)-injury rates between the manual and 

the automatic restraint systems based on the total population, and Table 4.32 

provtdes an analogous comparison based on the subpopulation with known restraint 

usage information. These two tables together show that by deleting these cases 
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Table 4.31 

(RABBIT TYPE x INJAK) based on total population 
Colorado 

Total 
Populatlon 

INJAK 

0 1 Total 

Manual 

Automatic 

1326 123 1449 
(93.51%) (8.49%) [75.31%] 

441 475 
(92.84%) (7.E%) [24.69%] 

Total 1767 157 1924* 
(91.84%) (8.16%) 

*151 unknown INJAK cases 

Table 4.32 

(RABBIT TYPE x INJAK) based on subpopulation 
with known restraint usage information 

(Colorado) 

. 

INJAK 
Known Restraint 

Usage 0 1 Total 

Manual 1199 104 1303 
(92.02%) (7.98%) [75.54%] 

Automatic 390 422 
(92.42%) (7G%) [24.46%] 

Total 1589 136 1725 
(92.12%) (7.88%) 

with unknown restraint usage information, the injury rate for occupants of 

manual restraint systems decreases from 8.49 percent to 7.98 percent, while the 

Injury rate f or occupants of automatic restraint systems increases from 7.16 

percent to 7 . 58 percent. This suggests that the subsequent effectiveness 

estimate wil 1 be on the consetvatlve side because the deletion of these cases 

wl t? cm known restraint usage information decreases the observed overall serious 

Injury rate reductjon from 1.33 (=8.49% - 7.16) percent to 0.40 (=7.98x: - 7.58) 

oenent. 

kit)7 these observations, one can again reasonably conclude that the overall 

effect of the deletion of unknown belt usage cases will be minimal. 



-8O- 

Analysis of ALABAMA Data 

The primary reason limiting the usefulness of Alabama accjdent data IS t+at 

occupant information such as age, sex, restraint usage, and Injury severity 't, 

available only for the Injured occupants. This results ln the following 

problems. 

1. Over 90 percent of the occupants are not Injured, and hence have 
missing occupant information. Since one can ascertain the 
presence of a driver with additional driver information, one 
may reasonably assune that a driver with missing injury infor- 
mation is uninjured. On the other hand, one cannot ascertain 
the presence or absence of a right front occupant in each vehicle. 
Consequently, one must restrict attention to the subpopulation 
of drivers. 

2. For the overwhelming majority of the cases, even when the driver 
is injured, the restraint usage information 1s missing. Thus, 
the statistical methodology applied to the preceding four states 
is not applicable here. Table 4.33 shows the extent to which 
the variable restraint usage is missing. 

Table 4.33 

(RABBIT TYPE x RESTRAINT USAGE) for driver only 
(Al abama) 

Rabbit Type 

Manual 
(0.1:X) (6 .t:x, 

720 768 
(93.75%) [79.09%] 

(2.4:%) 
195 203 

(96.06%) [20.91%] 
Automatic 

Total 

For the following, if a driver's Injury information is missing, he 1s 

assumed to be uninjured and hence INJAK is defined as follows: 

. 

I 0 lf injury = B, C, or not stated 
INJAK = 

1 if injury = A or K 
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Table 4.34 contrasts the driver (A+K)-injury dibtrlbutlon of manual 

restraint systems to that of the automatic restraint system. The observed 

Table 4.34 

(RABBIT TYPE x INJAK) for drivers only 
(Alabama) 

INJAK 

Rabbit Type Uninjured Injured Total 

Manual 679 
(92.76%) (7.Z%) [78%x] 

Automatic 193 
(97.97%) (2.Oi%) [21!;:%, 

Total 872 929" 
(93.9%) (6.::) 

*42 cases with missing Injury information. 

injury rate reduction is 5.21 percent which IS somewhat higher than observed for 

the preceding four states although the quality of the belt usage data does ra?sc? 

some questions about Alabama's accident data. 

Analysis of SOUTH CAROLINA Data 

The same reason that limits the usefulness of the Alabama accident data 

also limits the usefulness of the South Carolina accident data. Table 4.35 

illustrates the problem concerning missing restraint usage information. In 

fact, it appears that South Carolina and Alabama use very similar statewide 

accident report forms. 

Table 4.36 compares the driver (A+K)-Injury distribution for manual 

restraint systems to that of the automatic restraint systems. Here the ohserved 

injury rate reduction is 2.82 percent which is more in line with those observed 

for New York, North Carolina, Maryland, and Colorado. 
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Table 4.35 

(RABBI1 TYPE x RESTRAINT USAGE) for drivers only 
(South Carolina) 

Restraint Usage 

Unknown/ 
Rabbit Type Belted Unbelted Not Stated Total 

Manual 
(04%) (6.::%) 

176 190 
(92.63%) [78.51%] 

Automatic 
(1.9:%) (3.8:%) (94.2%) [21 .:;%I 

Total 
(0.832%) (6.::%) 

225 242 
(92.98%) 

Table 4.36 
(RABBIT TYPE x INJAK) for drivers only 

(South Carolina) 

Rabbit Type 

Manual 

Automatic 

Total 

INJAK 

Uninjured Injured 1 Total 

181 
(92.26%) (4.7:%) [78!?%] 

(98.::%) (kg:%) [21.Z%] 

232 
(4-E%) I 

242 
(95.87%) 



CHAPTER 5 SUMMARY AND DISCIJS\ION 

Summary 

This Ftudy attempts to examfne the serious (A+K)-inJury teducing potent.iaJ 

of automatic shoulder beit/knee bolster restraint systems by cornpal lng tcle 

(A+K)-injury experiences of the occupants of VW Rabbits equipped wit6 the manual 

(or active) 3-point lap and shoulder belt restraint systems with tht2 

(A+K)-injury experiences of occupants of Rabbits equipped with the autorr,atlc (or 

passive) shoulder belt/knee bolster restraint systems. 

Of primary Tnterest 1s the net effect on the serious InJury Iates of tront 

seat occupants of automatic belt Rabbits as compared to those in the 

conventIona belt Rabbits. Of further interest is not only the usdyc rates 111 

the two types of vehicles but also the relative contr?but.ion to the inJut/ I ate 

reduction attributable to belt usage versus belt system differences. Finally, 

of considerable interest 1s the adequacy of statewide accident data for calrylncl 

out studies such as this. 

The study data consists of VW Rabbit accident data for the per 13d 1975-1979 

from New York, North Carolina, Maryland, Colorado, Alabama and South Catol~na. 

As has been seen, the primary analyses are based on data from New Yolk, North 

Carolina, Maryland and Colorado due to data Ilrn~tatlons (quantity and quality) 

with Alabama and South Carolina. 

No attempt has been made to combine data across states due to >llghtly 

djfferent definltlons of variables (e.g., definition of 4-inJuly), dlffet~ng 

reporting thresholds among the states, and occasionally dJffering dlstrlbutl ins 

of the data among the states (e.g., the "drivable" variable). However, by u\ing 

the (A+K)-lnJury cr~terlon, there are reasonable sample size5 within each of the 

states (ranging from 1924 occupants In Colorado to 5046 In New York) and thp 

police determination of A or K JnJurles should be quote reliable 

Once the data files were qet up, the analysis procedures were ~>srntljl i y 

the same for each state. First, Since belt usage 1s such an ~mpobtant v3~~ahl~ 

and lt was rnlsslng In from 10 to 15 pet'cent of the cases for the fclu, p' Imdt y 

states, an analysis was carried out to show that these mlsslng belt u'3gp ~d<ec, 

occur essentially at random; 1.e , that they do not introduce any <et lou$ bla\t*X 

in the data. 
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Secondly, In all accident d,t.ta analysts thPrt> are Get-tdlrl vcl) I j!jlc\ c l,t 

Interact wrth the variables of Interest -- here, RABBlT TYPE and IN&J\ j\?t 1 i 

injury). As a result, to the extent allowable by the data, the rot1fJund1lig 

effect of these variables should be removed. This was done by identif~~nq th,J.b> 

variables (l.e., variable screenlnq) and then smoothiny the data using 

categorIca data models (I.e., welghted least square: procedures via the GENCAT 

computer program). 

Finally, as there is not only interest in the overall (A+K)-inJuty 

reduction but also the effect of various components such as usage rate 

differences and restraint system drfferences, the overall InJury rate 

difference was expressed In terms of its components: usage rate dlffetences, 

belt system effectiveness differences, and the residual referred lo as sample 

variation. EstTmates of these effects were then derived for New York, North 

Carolina, Maryland and Colorado us7ng the GENCAT program. 

Although the unknown belt usage rates are 15.5 percent, 9.5 percent, 13.6 

percent and 10.5 percent for New York, North Carolina, Maryland 2nd Colorado, 

respectively, analysis of these cases Indicated no systematic biases that would 

invalIdate the results. Indeed, the unknown belt cases appeal to aI Abe 

essentially randomly in each of the states with respect to the other variables 

of interest. 

In each of the states, among the most ?mportant confoundlnq varlab1Ps tn 

control for were restraint usage and number of vehicles Involved {sjngle ~'5. 

multi). This consistency Increased the contldence IQ the scteenlny ptJ,cPdrlt-e 

utlllzed. 

Restraint usage rates by system type and state are presented in Tablr 5.1 

along with effectiveness estimates. As mentioned in Chapter 2, although the 

usage rates differ considerably among the states, the ratio of the rates hetwepl 

belt systems (.506, .386, .564, .637 for NY, NC, MD, CO, respectively) remains 

reasonably constant with, as expected, a considerable increase ?n uslqe with the 

automatic restraint systems. 

Overall (A+K)-Injury rates by system type and stale are ylven ~11 Tjblp 5.7 

along with (A+K)-injury rate reduction effectiveness estimates. 

Again, the serious injury rates differ among states due to a cumblna+ion nt 

the factors mentioned In Chapter 2 -- crash seve,-ity differences, t*cpor'~ng 

threshold differences, reporting errors, and definitional differencec in 

A-injuries. Nonetheless the ratlo (IM/IA) is quite constant acrosS btates 
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Table 5.1 

Restraint usage rates by system type and state 

Restraint Usage Rate 

Manual (s.e.) Automatic (s.e.) Ratlo 
State Rf.l RA RM/RA 

NY 28.96 (1.67) 57.25 (1.84) 0.506 
NC 16.63 (1.10) 43.08 (2.66) 0.386 
MD 41.60 (1.20) 73.70 (1.83) 0.564 
co 29.37 (2.24) 46.13 (3.97) 0 637 

Table 5.2 

Overall (A+K)-InJury rates and effectiveness 
estimates by system type and state 

Overall (A+K) Injury Rate Effectiveness 

Manual (s-e.) Automatic (s.e.) Rat1o 'M-IA 
State 111 IA IM'IA 

--- x 100 (s.e.) 
IM 

6.33 (0.41) 5.24 (0.72) 1.2 17.27 (12.30) 
5.21 (0.65) 3.83 (1.05) 1.4 26.38 (22.06) 
2.95 (0.41) 1.84 (0.56) 1.6 37.61 (20.79) 
5.07 (0.98) 4.12 (1.17) 1.2 18.78 (27.03) 

(1.2, 1.4, 1.6, 1.2, respectively), suggesting that occupants 3f automatic belt 

Rabbits are 20-30 percent less likely to experience set ious II-IJIIII~~S In a 

crash. 

Table 5.3 provides the estimates (s.e.) of the various components of the 

serious TnJury rate reduction; I.e., the components due to restraint Jsage rat<' 

differences, system differences, and sample variation (or residual). To the 

extent that the set-ious Injury rates are slgnlflcantly reduced (depending up'11 

the a-level selected) for the automatic Rabbit, the consistent and slgnlficant 

component leading to this reductjon 1s the Increased belt usage level fur the 

automatic Rabbit. It would seem that the two systems, when used, are equally 

effective Tn reducing serious injuries. It 1s also apparent from the estlmatcC 

of sample variation that the most important factors have been accounted for ln 

this analysts. 
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Table 5.3 

Estimates of the components of the overall serious ln~uty rdte teduct7on 

Percentage Relative 
to Overall (A+K)- 

Estimate (s.e.) 95% Confidence InJury for Manual 
Interval Rabbit (s.e.) 

Overall (A+K)-Injury Rate Reduction ('M-IA) 

NY 1.09% (0.81%) (-0.50%, 2.68%) 17.27% (12.30%) 

NC 1.38% (1.23%) (-1.17%, 3.63%) 26.38% (22.06%) 

MD 1.11% (0.69%) (-0.24%, 2.46%) 37.61% (20.79%) 

co 0.95% (1.47%) (-0.97%, 2.87%) 18.78% (27.03%) 

Component Attributed to Restraint Usage Rate Differences 

NY 1.22% (0.23%)* (0.77%, 1.67%) 19.27% (3.34%)* 

NC 0.85% (0.45%)** (-0.02%, 1.72%) 16.33% (8.40%)** 

MD 0.46% (0.26%)** (-0.05%, 0.97%) 15.55% (8.66%)** 

co 0.70% (0.36%)** (-O.Ol%, 1.41%) 13.87% (7.81%)** 

Component Attributed to System Differences 

NY -0.22% (0.56%) (-1.32%, 0.88%) -3.48% (8.85%) 

NC -0.35% (0.87%) (-2.07%, 1.36%) -6.81% (17.12%) 

MD 0.74% (0.55%) (-0.34%, 1.82%) 25.21% (17.61%) 

co -0.57% (0.84%) (-2.20%, 1.06%) -11.31% (16.79%) 

Component Attributed to Sample Variation (Residual) 

NY 0.09% (0.58%) (-1.05%, 1.23%) 1.48% (7.92%) 

NC 0.88% (0.90%) (-0.89%, 2.64%) 16.87% (16.62%) 

MD -0.09% (0.44%) (-0.96%, 0.77%) -3.15% (14.88%) 

co 0.82% (1.30%) (-1.73%, 2.65%) 16.22% (23.63%) 

*Srgnificant at CL = 0.05 
**Significant at cc = 0.10 
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Thus, from this real-world accident data from New Yolk, North Ca,nl~n~, 

Maryland and Colorado, occupants 11-1 automatic belt Rabbits experlenled k~ IL-' ' 

to 30 percent fewer (A+K)-injurieq than their counterpatts In Rabbltq ~7-1 

conventional 3-point belt systems. The overriding factor for this t f~C1LJi.f 1011 1v1 Y 

an increase (at least two-fold) in the belt usaqe lates 111 the automat1L belt 

Rabbits. 

Discussion 

Not unexpectedly, there are a variety of pros and cons ln L1\lrlg \tatcl 

accident data to address questions such as the serious Injury redtictlon of 

automatic belt systems In VW Rabbits. In spite of many llmltatlon\ and 

quallficatlons, it currently represents the only possible accldpnt kjata base 

with which to even begin to answer the questlon. As will be seen, there a)? 

many reasons for not comblnlng such data across states. Nevetthelcss, the 

analysis wlthjn multiple states with reasonable data quality does allow for a 

exarnlnatlon of the consistency of results between states and increase\ the 

confidence placed in the results of the analysis. Because of a variety of 

differences between states It IS to be expected that there ~711 be variablllty 

In the estimates derjved. The extent and acceptabTllty of this varlatlon fof 

the particular analysis being carried out should then define the answer to the 

question of the usefulness of state accident data In addressing the question. 

For the present study, It is felt that the analysis of New York, No, th Catollna, 

Maryland and Colorado data provide most useful and otherwise unavallabll3 snout 

Into answering the questions posed. 

The fact that the multi-state data base represents the only tea\onable flti 

available for analysis 1s clear. Outside data collected by the federal 

government, there is no other existing accident data to consTder. And with 

respect to the former, candidate files derive from the following ptoytams: 

FARS (Fatal Accident Reporting System), MDA1 (Multi-Dlscipllnary Accident 

Investigation), RSEP (Restraint System Effectiveness Program), NCSS (National 

Crash Severity Study), and NASS (NatIonal Accident qampling System). 

FARS, a census of detalled Information on motor vehicle fatalit 17 th-i 

United States, 1s seriously lacking In sample size (see Table 5.4 fot f3talltJ 

counts for the SIX states used In this study). Hedlund (1980) does use the FAR\ 

data for 1975-1979 to compare the fatality rates (FA and FM) pet Ii1?11lon 
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Table 5.4 

Occupant fatalltles * by Rabbit type and state 

State Belt Type 

Non-Fatally 
Injured 

Fatality + Unl_njured 
K (%> K Total 

New York 

North Carolina 

Maryland 

Colorado 

Alabama 

South Carolina 

Manual 
Automatic 

Manual 
Automatic 

Manual 
Automatic 

Manual 
Automatic 

Manual 
Automatic 

Manual 
Automatic 

22 (0.55%) 3993 4015 
6 (0.58%) 1025 1031 

12 (0.76%) 1568 1580 
1 (0.21%) 466 467 

3 (0.18%) 1946 1949 
1 (0.17%) 639 640 

5 (0.35%) 
4 (0.84%) 

2 (0.29% 730 732 
0 (0.00%) 197 197 

1 (0.53%) 189 190 
0 (0.00%) 52 52 

1444 
471 

1449 
475 

*Without regard to belt usage Information. 

vehicle months for the front seat occupants of automatic vs. manual Rabbits. He 

concludes that FM > FA with a best estimate being 

F 
FM = 
FA 

= 1.2 

or an effectiveness in fatality reduction of approximately 17 percent. He also 

concludes that there appear to be problems with the 1975-1977 FARS data ano, 

with a total (all years) of but 69 fatalities in automatic Rabbits, recommends 

further investjgatlon w additional data becomes avallable. Although the 

qual?ty of the information is superior, the lack of calres seriously llmlts any 

analysis. 

MDA1 has for the past number of years focused on air bag-equypped I;dr’ 

crashes and on school bus accidents. Thus, even if they were repr-esentatlve ,lr;d 

sufficiently numerous, the target group IS not appropriate for ttlls \tudi. 

RSEP and NCSS, prototypes for NASS, lack data quantity (eacil around lO,(!Of) 

accidents) anrl/er timeliness -- RSEP used only 1973-75 model cals. The onyo~ng 
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NASS program likewise IS inadequale with tesprc t to data quan 7ty an 1. 

commencing in 1978, does not have accident data for as broad a pel 106 a 1~ 

available through the network of state accident data. 

Thus, If the questions of Interest are to be Investigated, IL 1s ~rls lblc 

only through examlnlng state accident data. In the rernalnder of this b4+tet. 

many of the problems encountered in using this data ate addressed TIIPI? 

include both Interstate data problems as well as intrastate problems. Er artlplc‘~ 

of the former include varlatlons In 

(1) Reporting thresholds 

(~1) Definltlons of the accident variables 

(111) Degree and nature of computerization 

(IV) Quality Including missing data rates, poljLe reporting err,)! s, 

Examples of intrastate data problems include 

(I) Perlodlc changes in the accident report fotms during the 
study period 

(11) Varlablllty in the quality of the data from Item to item 
(e-g., restraint usage vs. driver age) with respect to 
mlsslng data and police classlflcatlon error 5. 

In compari ng results across states, differences Tn reporting thresholds fan 

yield apparent1 y inconsistent data. For example, In New York State, police 

report only on InJury-producing accidents -- motorists report property damage 

only accidents Thus, any analysis based on police reports from New York d11l 

have dlsproportlonately more serious lnjurles -- essentially by defilrltion. 

EverythIng else being equal, this should lead to a somewhat lowet estimate of 

the effectiveness of the automattc belt system (Campbell and Relnfurt, 1979) 

The generally higher serious injury rates (see Table 7.8) for New York are 

consistent with the hJgher reporting threshold, as IS the generally lower 

overall effectiveness estimate (17.3%). These results, which are consistent 

w?th the hypothesis, suggest caution in combining New York data with that ?f anv 

other state. 

No two statewide accident report forms in the Unlted States are ldenticdl 

Thus a data element which IS available Jn one state (say, locatlort 3f l~~~utyl 

may not even be available In other states. And even if it were, coding level 

definitions often differ on such generally critical variables as Injury (e.q , 

"A" Injury), belt use (e.g., not used vs. unknown), vehicle damage sevetlty 

(e.g., TAD severity vs. minor, moderate, severe), impact site (e.g , lttltl4 

point of contact: front vs. right front, center front, left front), ac.,ld+rll 
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type (e.g., car-car vs. two vehicle), etc. Obviously such incompatdb11 ItIeS no: 
only reduce opportunities for comblnlng data but also make it more dlfficJl+ t: 

compare results between states. It IS advantageous in this appllcatlun that 

comparisons are carried out basically wIthin each of the states. 

As mentioned earlier, only New York State among the six states has ?nforma- 

tlon on location of inJury. One of the questions to be addressed in thus study 

was whether the knee bolster might Induce InJury to the knee or lower leg of 

occupants in the automatic Rabbits. Table 5.5 suggests two problems even with 

the New York State inJury by location data. Fitst, knee 1s not ?dentiFled -- 

only upper vs. lower leg. Second, over 60 percent of the cases (automatic and 

manual) have tnissJng injury location data. The most that can be said is that, 

if the missing cases occurred at random, the automatic Rabbit occupants did not 

have d?sproportTonately more "knee" Injuries as defined by lower leg and/or 

upper leg. 

Clearly state accident data is wanting 111 the important area of InJury 

lnformatlon. RelatTvely few states have more detailed Information than that 

provided by the KABCO scale. And even here there are some defln~tlonal 

ambigultles that accompany that scale as has been mentioned previously. 

There is considerable var?abllity between states in the lnformatlon fr*olrl 

the accident report form that 1s computerized. Of utmost Importance to this 

study was the VIN (Vehicle Identification Number). In fact the SIX states were 

selected on the basis of having readily-available computerized VIN lnfol*mation. 

Properly recording the VIN by the investlgatlng officer and then correctly 

entering ?t on computer 1s a difficult process. Previous experience with North 

Carolina VIN's indicates that approximately 15 percent of accident-involved 

passenger cars faTled the VIN edit check for the R. L. Polk VINA, 3 4IN-decjdl:tq 

computer program. Perhaps a similar failure rate has occur-ted In the data 

processing involved in this study. Provided it 1s non-systematic, its n?lrl 

effect 1s to decrease sample size. 

This study placed an additional requirement on the VIN information, namely 

that the production number, which was passed against the VW file to obtain 

system type, was valid. The results of this secondary screening are shown III 

Table 5.6. Excepting South Carolina the failure rates appear tolerable. 

Nevertheless, systematic biases could cause problems with the other five 

states. 
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Rabbit 

Table 5.5 

type by injury location 

Rabbit Injury Location 
Frequency 

(Rod) Unknown Head Face Eye Neck Chest RaLk 

Manual 2457 617 185 
(39.60) (11.87) (Ok) (9:::) (5::O) (6% 

AutomatJc 680 103 
(29.34) (13::9) (0.:8) (ll.:$ (103!6) (7.::) 

Total 3137 720 232 
(37.72) (12.15) (0.:2) (9%) (?:3) (6:::) 

Rabbit 
Frequency 

(RON 

Manual 

Automatic 

Total 

Injury LocatIon 

Upper Lower Lower Entlre Upper 
Arm Arm Fbdomen Leg Leg Body Total 

(5::6, (58:2) (1!:9, (Z5, (E2) 13?4) [E?] 

(7%) (6fi4) (2.596) (2.26) (6725) (2.26) ,,8.'%] 

108 110 
(5.66) (5.76) (1?6) (24:o) (E2) (36lO) 

1909 



-92- 

Table 5.6 

Rabbit belt type dlstrlbutlon by state 

Belt Type 

State Manual Automatic Unknown Total 

New York 2821 722 355 3898 
(72.4) (18.5) (9.1) 

North Carolina 1180 347 314 1841 
(64.1) (18.8) (17.1) 

Maryland 1603 525 346 2474 
(64.8) (21.2) (14.0) 

Colorado 1434 491 136 2061 
(69.6) (23.8) (6.6) 

Alabama 768 203 204 1175 
(65.4) (17.3) (17.4) 

South Carolina 190 285 577 
(36.0) (9529) (54.1) 

The most important aspect of the data IS quality, as judged [Jy rates of -- 
missing data for certain key variables and by consistency In the data. An 

example of the latter would be observed usage rate differences within a state 

yleldlng estimates of effectiveness in reducing serious Injury that are wIthin 

the range of expectation from previous research. Characteristics of the rnlsslnJ 

data for a number of key variables (e.g., restraint usage, injury severity, 

occupant age, sex and seating position, accident year, model year, number of 

vehicles involved) have been addressed In Chapter 2, both in terms of magnitude 

and in terms of differences between belt systems within states and also across 

states. 

As it has been determined that the data should not be combined across 

states but rather that parallel analyses should be run in four of the six state< 

(New York, North Carolina, Maryland, and Colorado), the most important question 

becomes similarity of missing data rates by belt systems within states. Here 

generally the data for most of the variables appears acceptable. Of pr lrnary 

concern is the belt usage variable which is such an Integral portlon of the 

analysis. 
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The unknown belt usaqe tat{ L) ate 15.6 pet Lent, 9.6 petccnt, li 0 i'et~t\~l+. 

10.6 percent, 94 2 percent and 91 3 gerrent for New Yotk, Ndtth [a~olin~, 

Maryland, Colorado, Alabama, and South Carolina, tespectlvely. Cleat ly 

Alabama's and South Carolina's rates suggest that thelt data ate rJt very 

useful. For the other four states, the main effect of missing belt usage data 

1s to reduce the study file size. Analyses in Chapter 4 of the effect of the 

missing data on ser lous 1nJury rates by belt system for each of the states 

suggest that the missing belt usage cases are distr ihuted similatly aLr.1 \4 thr 

other variables within each belt type, thus not hidsing the estimates. 

At the next level, how reliable is the belt usage data? Vat lous studi?< 

(Chl, 1980b) have addressed the question of the degree and natuj e of belt u‘,clge 

m~sclasslflcat~on errors in police data A priot 1 Ilie would not expect automattL 

belt usage rates to vary from 43 petcent to 74 petcent. In fat t, from 

population-at-risk studies carried out by Phillips and Goodman (19&J), one might 

expect somewhat higher rates within a much nartowet range. Likewise, a prior 1 

one would not expect a range of 16 petcent to neatly 42 percent in the usage 

rates for manual (or conventional) belts. In fact, even accounting f0t the fart 

that VW Rabbits are foreign, subcompact passenger cats, one might expect 

generally lower rates again with a nat rower between-state range. Are the 

observed rates consistent with other "known" facts about seat belt effectiveness' 

One approach to investlgatinq this question 1s suggested by Hedlund (1930). 

It assumes that the two systems ate equally effective (eM = eA = e) in 

reducing serious injury, which seems reasonable from the analyses deslrlbed ln 

Chapter 4. Then, based on the observed belt usage rates (uM, IlA), the method 

calculates the common effectiveness rate (given the systems at-e in use) f31 each 

of the states. This estimate 15 contrasted with the generally accepted t ange ,f 

0.5 to 0.6 for reducing serious Tnjuries. 

More specifically, let 

(A+K)-inJury rate for manual belts 
R=mni 

= 1 - (proportion of serious injuries prevented by M) 
1 - (proportion of seri?u< inJuries prevented by A) 

l- effectiveness of M = 
1 - effectiveness of A 

= 1 - (effectiveness of M given the belt 
1 - (effectiveness of A given the sysem 

1 - eM"M = ___- 
1 - eAuA 
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R-l 
Assuming eM = eA = e, the common effectiveness estlrnate e = -- 

Rf-$p', 
'S 

determined for each state using the observed uM, uA) and R from Tdhltc ? 

and 2.8, is presented in Table 5.7. The magnitudes of e raise SZX'IP ques+ion> 

Table 5.7 

Examlnatlon of the consistency of the belt usage da11 

I uM 

New York 0.290 0.572 1.294 0.65 

North Carolina 0.163 0.426 1.385 0. 91) 

Maryland 0.416 0.739 1.672 0.8; 

Colorado 0.254 0.468 1.186 0.62 

regarding the quality of the belt usage information and/or about the ,+\sullpt>on 

that the belt systems are equally effective. 

One additional problem leadlng to potentially inconsistent wiinln-state 

accident data relates to changes in either the repott fgrm document ot ttlc 

reporting threshold during the study period. Although there wet-e INI t-ellottlnq 

threshold changes from 1975 through 1979, there were changes 1'1 the report forIFs 

(e.g., North Carolina in 1979; Maryland in 1977). An example of a probin;) 

arising from such a change was the Increase in the proportion of 4-Injuries In 

North Carolina in 1979. Although there was no change in deftnTtion, the 

description on the document dJffered as follows: 

1975-1978: A-Incapacitating 

1979: A-Incapacitating (Injury obviously serious enough TV) 
prevent carrying on normal activities for at least 
24 hours; e.g., massive loss of blood, broken bone) 

Other changes can and do lead to data lncompatabllltles and tnconsIs+encles. 

For this data set, changes were relatively minor witnin states. 

In sumTlary, the usefulness of state accident data for analysis task.; c~h 

as was Involved in this study has at least two sides. If one requites rather 

precise effectiveness estimates rather than good "ballpark" estlrrlatcl, lt 13 
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probably Inadequate. Certainly if there is alternatlve data such a\ No?\, +,I \ 

would be preferable. Without considerable records lmprsvt3ment 11 311 ‘pie h 

(form design, data collection and processing), exl> 

be able to be combined across states. 

On the other hand, given adequate wlthln-state 

consistent estimates across a number of states comb 

sample size, I c~lsonabl j 

ned with caretul at+r'ltlort 

to the quality of the data used does give one confidence in reslc'ts. Th1; ha 

also recently been shown In a study of utility vehicle accident, lri North 

Carolina and In Maryland (Reinfurt, et al, 1981). Certarnly fqt the inve~,tmc,nt 

made, It. would seem that the results (In both cases) sho~~l4 bt! qnost useful 
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APPENDIX 

Accident Report forms from NEW YORY, NURTh TAfOIi~l~\ 

MARYLAND, COLORADO, ALABAMA, and SOUTH CAR01 INA 
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